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DMEM/F12 㸸Dulbecco’s  modified eagle’s  medium/ham’s f12 medium 
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HCE-T 㸸human corneal epithelial cell  
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IL-8RA 㸸 interleukin-8 receptor 
PAI 㸸 polyvinyl alcohol -iodine 
PBS 㸸 phosphate buffered saline 
PEA 㸸 phacoemulsification and aspiration  
PRICE 㸸 protection, rest, ice, compression, elevation  
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TRPV1 㸸 transient receptor potential  vanilloid type 1  
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࠙ᗎㄽࠚ  
 
ᡭ⾡ᐊ࡛ࡣ้ࠎ࡜ኚ໬ࡍࡿᝈ⪅≧ἣ࡟㎿㏿࡟ᑐᛂࡋ࡞ࡀࡽ⸆๣ࢆᢞ୚ࡍࡿࠋ
≉࡟ࣁ࢖ࣜࢫࢡ⸆ࡢ౑⏝㢖ᗘࡀ㧗࠸ࡇ࡜࠿ࡽࠊ་⸆ရࡢࣜࢫࢡ࣐ࢿࢪ࣓ࣥࢺ
ࡀᙉࡃồࡵࡽࢀࡿ 1 )ࠋᐇ㝿࡟ᡭ⾡ᐊ࡟࠾ࡅࡿ་⸆ရ౑⏝≧ἣࡣ୍⯡⑓Ჷ࡟࠾
ࡅࡿࡑࢀ࡜ࡣ኱ࡁࡃ␗࡞ࡾࠊࡉࡲࡊࡲ࡞་⸆ရࡀ㐺ᛂእ࡛౑⏝ࡉࢀࠊᡭ⾡ᐊ
࡛ࡣ་⸆ရ౑⏝࡟క࠺₯ᅾࣜࢫࢡࡀ㧗࠸ࠋ  
ࡑࡢ≉ᚩⓗ࡞ᡭ⾡ᐊࡢ་⸆ရ౑⏝≧ἣࡢ㐺ṇ໬ࢆ᥎㐍ࡍࡿࡓࡵ࡟ࡣ⛉Ꮫⓗ
࡞᰿ᣐ࡟ᇶ࡙࠸ࡓ་⸆ရ᝟ሗࡀᚲ㡲࡛࠶ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊᡭ⾡ᐊ࡛౑⏝ࡉ
ࢀ࡚࠸ࡿከࡃࡢ⸆๣࡛ࡑࡢ≉ᚩⓗ࡞౑⏝᪉ἲ࡟ࡘ࠸࡚ࡢᏳ඲ᛶࡸ᭷ຠᛶ࡟㛵
ࡍࡿ᝟ሗࡣᑡ࡞࠸ࠋ  
ࡲࡓࠊᡭ⾡୰ࡢᝈ⪅ࡣ㙠㟼≧ែࡢࡓࡵ③ࡳࢆッ࠼ࡿࡇ࡜ࡀ࡛ࡁ࡞࠸ࡇ࡜࠿
ࡽ≉࡟⸆๣ࡢ⾑⟶እ₃ฟࣜࢫࢡࡀ㧗ࡲࡿࠋࡉࡽ࡟ᡭ⾡୰ࡣࢩࣜࣥࢪ࣏ࣥࣉࢆ
⏝࠸࡚ᢞ୚ࡍࡿ⸆๣ࡀከࡃࠊ₃ฟ㔞ࡀቑࡋ㔜⑕໬ࡋࡸࡍ࠸ࡓࡵὀពࢆせࡍࡿࠋ
≉࡟ࠊ㯞㓉⸆ࡢ₃ฟ᫬ࡢയᐖࣜࢫࢡࡸࡑࡢᑐฎἲࡣ᫂ࡽ࠿࡜࡞ࡗ࡚࠾ࡽࡎࠊ
ᑐᛂ࡟ⱞ៖ࡋ࡚࠸ࡿࡢࡀ⌧≧࡛࠶ࡿ 2 )ࠋ  
ᮏ◊✲࡛ࡣࠊᡭ⾡ᐊ࡛ỗ⏝ࡉࢀࡿ⸆๣ࡢ㐺ṇ౑⏝࡟ࡘ࡞ࡀࡿ࢚ࣅࢹࣥࢫࡢ
๰ฟࢆ┠ⓗ࡜ࡋ࡚ࠊ1) 㯞㓉⸆࡛࠶ࡿࢳ࢜࣌ࣥࢱ࣮ࣝ࡜ࣉ࣏ࣟࣇ࢛࣮ࣝࡢ⾑⟶
እ₃ฟ᫬ࡢᑐฎἲ࡟㛵ࡍࡿ◊✲ࠊ2) ⾡ᚋ║ෆ⅖ࡢண㜵࡟⏝࠸ࡽࢀࡿࣚ࢘⣲〇
๣ࡢゅ⭷ୖ⓶⣽⬊࡟ᑐࡍࡿᙳ㡪ゎᯒࠊ3) ║℺ὶᾮ࡟ῧຍࡋࡓ࢔ࢻࣞࢼࣜࣥࡢ
Ᏻᐃᛶ࡟㛵ࡍࡿ◊✲ࢆᐇ᪋ࡋࡓࠋ  
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࠙ᮏㄽࠚ  
 
➨Ϩ❶  
ࢳ࢜࣌ࣥࢱ࣮ࣝ࡜ࣉ࣏ࣟࣇ࢛࣮ࣝࡢ⾑⟶እ₃ฟ࡟ᑐࡍࡿ  
⨣ἲࡢຠᯝ࡟㛵ࡍࡿᇶ♏ⓗ◊✲  
 
᪥ᮏࡀࢇ┳ㆤᏛ఍ࡀฟ∧ࡋ࡚࠸ࡿࠕእ᮶ࡀࢇ໬Ꮫ⒪ἲ┳ㆤ࢞࢖ࢻࣛ࢖ࣥࠖ
࡟ࡼࡿ࡜ࠊ⾑⟶እ₃ฟ࡜ࡣࠗࠊ ⸆๣ࡀ⾑⟶እ࡬ᾐ₶࠶ࡿ࠸ࡣ⾑⟶እ࡬₃ࢀฟࡿ
ࡇ࡜ࠋࡑࡋ࡚ࠊࡇࢀ࡟ࡼࡗ࡚࿘ᅖࡢ㌾㒊⤌⧊࡟㞀ᐖࢆ㉳ࡇࡋࠊⓎ㉥ࠊ⭘⬽ࠊ
⑊③ࠊⅎ⇕ឤࠊࡧࡽࢇࠊỈ⑁ᙧᡂࠊ₽⒆໬ࠊቯṚ࡞࡝ࡢఱࡽ࠿ࡢ⮬ぬⓗ࠾ࡼ
ࡧ௚ぬⓗ࡞⑕≧ࡀ⏕ࡌࡿࡇ࡜࡛࠶ࡿ࠘࡜ᐃ⩏ࡉࢀ࡚࠸ࡿ 3 )ࠋᢠࡀࢇ๣࡞࡝ࡢ
⣽⬊യᐖᛶࡀᙉ࠸⸆๣ࡀ⾑⟶እ࡟₃ฟࡋࡓሙྜࠊ₃ฟ㒊఩࡟㞴἞ᛶࡢ₽⒆ࢆ
⏕ࡌࠊ⓶⭵⛣᳜ࡀᚲせ࡜࡞ࡿ஦౛ࡶ࠶ࡿࠋ⾑⟶እ₃ฟࡢ࣐ࢿࢪ࣓ࣥࢺ࡛ࡣࠊ
₃ฟയᐖࣜࢫࢡࡢ㧗࠸⸆ࢆㄆ㆑ࡋࠊ₃ฟࡀ␲ࢃࢀࡓሙྜ࡟ࡣ㐺ษ࡞἞⒪ࢆ᪩
ᮇ࡟⾜࠺ࡇ࡜ࡀ㔜せ࡜࡞ࡿࠋᢠࡀࢇ๣ࡢ₃ฟയᐖࣜࢫࢡ࡟ࡘ࠸࡚ࡣ㐣ཤ࡟ከ
ࡃࡢ◊✲ࡀሗ࿌ࡉࢀࠊ⾑⟶እ₃ฟ࡟ࡼࡿ⤌⧊യᐖࡢ⛬ᗘ࡟ᇶ࡙ࡁࠊቯṚᛶ  
(vesicants)ࠊ⅖⑕ᛶ  (irritants) ࠾ࡼࡧ㠀ቯṚᛶ  (non-vesicants) ࡢ 3 ✀㢮
࡟ศ㢮ࡉࢀ࡚࠸ࡿ 4-6 )ࠋቯṚᛶࡢ⸆๣ࡣࠊ⾑⟶እ࡬₃ࢀฟࡓሙྜ࡟Ỉ⑁ࡸ₽
⒆ࢆࡶࡓࡽࡍྍ⬟ᛶࡀ࠶ࡿ⸆๣࡛࠶ࡿࠋࡘࡲࡾࠊ⤌⧊യᐖࡸ⤌⧊ቯṚࡢࡼ࠺
࡞⾑⟶እ₃ฟࡢ㔜⠜࡞๪స⏝ࡀ⏕ࡌࡿྍ⬟ᛶࡀ࠶ࡿࠋࡋࡓࡀࡗ࡚ࠊቯṚᛶᢠ
ࡀࢇ๣ࡢ⾑⟶እ₃ฟࡣࠊࡑࡢയᐖࡀ㐍⾜ࡍࡿࡇ࡜࡟ࡼࡾᝈ⪅ࡢⱞ③ࡸධ㝔ᮇ
㛫ࡢᘏ㛗ࢆᘬࡁ㉳ࡇࡍሙྜࡀከ࠸ 7 )ࠋ⅖⑕ᛶࡢ⸆๣ࡣࠊὀᑕ㒊఩ࡸࡑࡢ࿘ᅖ
ࡢ⾑⟶࡟ἢࡗ࡚③ࡳࡸ⅖⑕ࡀ⏕ࡌࡿྍ⬟ᛶࡀ࠶ࡿ⸆๣࡛࠶ࡿࠋ኱㔞ࡢ⸆๣ࡀ
⾑⟶እ࡟₃ฟࡋࡓሙྜ࡟ࡣ₽⒆ࢆࡶࡓࡽࡍྍ⬟ᛶࡶ࠶ࡿࠋ㠀ቯṚᛶࡢ⸆๣ࡣࠊ
⸆๣ࡀ₃ࢀฟࡓ࡜ࡁ࡟ࠊ⤌⧊࡟യᐖࢆࡶࡓࡽࡍྍ⬟ᛶࡀ㠀ᖖ࡟ప࠸⸆๣࡛࠶
ࡿ 8 )ࠋ 2006 ᖺࡢሗ࿌࡟ࡼࡿ࡜ࠊᢠࡀࢇ๣࡟ࡼࡿ⾑⟶እ₃ฟࡢ㢖ᗘࡣ 0.1%㸫
6%࡛࠶ࡿ࡜ࡉࢀ࡚࠸ࡿ 5 )ࠋ㏆ᖺࠊ⡿ᅜ࡛ࡣᢠࡀࢇ๣࡟ࡼࡿ⾑⟶እ₃ฟࡢண㜵
ࢆ┠ⓗ࡜ࡋ࡚୰ᚰ㟼⬦࢝ࢸ࣮ࢸࣝࡢ✚ᴟⓗ࡞฼⏝ࡀ⾜ࢃࢀࠊࡉࡽ࡟₃ฟ᫬ࡢ
ᑐᛂ࡟ࡘ࠸࡚ࡢ࢞࢖ࢻࣛ࢖ࣥࡀᩚഛࡉࢀࡓࡇ࡜ࡸࠊᑓ㛛ࡢ┳ㆤᖌࡀ⾑⟶እ₃
ฟࡢྍ⬟ᛶࢆࣔࢽࢱࣜࣥࢢࡋࠊ₃ฟࡀ␲ࢃࢀࡓሙྜ࡟ࡣ┤ࡕ࡟ᢞ୚ࢆ୰Ṇ࡛
ࡁࡿయไࡀᩚഛࡉࢀࡓࡇ࡜࡞࡝࠿ࡽࠊᢠࡀࢇ๣࡟ࡼࡿ⾑⟶እ₃ฟࡢⓎ⏕㢖ᗘ
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ࡣῶᑡഴྥ࡟࠶ࡿ 6 )ࠋ  
ᢠࡀࢇ๣௨እࡢ⸆๣࡟ࡘ࠸࡚ࡣࠊ㧗ᾐ㏱ᅽࡢ⸆๣ࡸ㓟ᛶࡲࡓࡣሷᇶᛶࢆ♧
ࡍ⸆๣ࠊ⾑⟶཰⦰స⏝ࢆ᭷ࡍࡿ⸆๣࡟ࡘ࠸࡚₃ฟ᫬ࡢയᐖࡀሗ࿌ࡉࢀ࡚࠸ࡿ
9 )ࠋࡋ࠿ࡋࠊᢠࡀࢇ๣࡟ẚ࡭࡚◊✲ሗ࿌ࡣᑡ࡞ࡃࠊയᐖࡢ⛬ᗘࡸࡑࡢᑐฎἲ
ࡣ᫂ࡽ࠿࡛࡞࠸ࠋࡑࡢࡓࡵࠊ㠀ᢠࡀࢇ๣ࡢ⾑⟶እ₃ฟ࡟ࡘ࠸࡚ࡣࠊࡑࡢയᐖ
ࣜࢫࢡࡀ㐣ᑠどࡉࢀࡿሙྜࡀከࡃࠊὀពႏ㉳ࡀ୙༑ศ࡜࡞ࡾࡸࡍ࠸ࠋᐇ㝿ࠊ
㏆ᖺ࡛ࡣᢠࡀࢇ๣࡟ẚ࡭࡚㠀ᢠࡀࢇ๣ࡢ࡯࠺ࡀ⾑⟶እ₃ฟ࡟ࡼࡾᘬࡁ㉳ࡇࡉ
ࢀࡿയᐖࡢ㢖ᗘࡀ㧗ࡃࠊ₃ฟ࡟ࡼࡿ㔜⠜࡞യᐖࡢሗ࿌ࡀከ࠸ࡇ࡜࠿ࡽ᪥ᮏ་
⒪ᶵ⬟ホ౯ᶵᵓࡀࠊ་⒪஦ᨾ᝟ሗ཰㞟➼஦ᴗࡢሗ࿌᭩࡛ὀពႏ㉳ࡋ࡚࠸ࡿ
1 0 , 11 )ࠋ  
ᡭ⾡ᐊ࡛ࡣࠊ㯞㓉ࡢ౑⏝࡟ࡼࡾព㆑ࡀ࡞࠸ᝈ⪅ࡀ③ࡳࢆッ࠼ࡿࡇ࡜ࡀ࡛ࡁ
࡞࠸ࡇ࡜ࡸࠊ㍺ᾮ࣮ࣝࢺࡢ่ධ㒊఩ࡀ⾡㔝ࢆΎ₩࡟ಖࡘࡓࡵࡢᕸ࡛㞃ࢀࠊほ
ᐹࡀᅔ㞴࡛࠶ࡿࡇ࡜ࠊࢩࣜࣥࢪ࣏ࣥࣉ࡛ᢞ୚ࢆ⾜࠺⸆๣ࡀከࡃࠊ₃ฟࡋࡓሙ
ྜ࡛ࡶᙉไⓗ࡟ᢞ୚ࡀ⥅⥆ࡉࢀࡸࡍ࠸࡞࡝࠿ࡽࠊ≉࡟⾑⟶እ₃ฟࡢࣜࢫࢡ࡟
ὀពႏ㉳ࡀᚲせ࡛࠶ࡿ 2 )ࠋ1961 ᖺ࠿ࡽ 2014 ᖺࡲ࡛ࡢ㠀ᢠࡀࢇ๣࡟ࡼࡿ⾑⟶
እ₃ฟࡢ⑕౛ሗ࿌࡛ࠊ㯞㓉⸆࡛࠶ࡿࢳ࢜࣌ࣥࢱ࣮ࣝࡸࣉ࣏ࣟࣇ࢛࣮ࣝࡣ₃ฟ
ሗ࿌ᩘࡢከ࠸⸆๣࡛࠶ࡿࡇ࡜ࡀᣦ᦬ࡉࢀ࡚࠸ࡿ 9 )ࠋࡇࡢせᅉ࡜ࡋ࡚ࠊࡇࢀࡽ
ࡢ⸆๣ࡢയᐖࣜࢫࢡࡀ᫂ࡽ࠿࡟࡞ࡗ࡚࠾ࡽࡎࠊ₃ฟ᫬ࡢᑐᛂࡀ୙᫂☜࡛࠶ࡿ
ࡇ࡜ࡀᣲࡆࡽࢀࡿࠋࢳ࢜࣌ࣥࢱ࣮ࣝࡣሷᇶᛶ㸦 pH 10.2㸫 11.2㸧ࡢ⸆๣࡛࠶
ࡾࠊᙉ࠸⤌⧊യᐖᛶࢆ᭷ࡍࡿࠋ୍᪉ࠊ୰ᛶ㸦 pH 7.0㸫 8.5㸧ࡢ⸆๣࡛࠶ࡿࣉࣟ
࣏ࣇ࢛࣮ࣝ࡟ࡘ࠸࡚ࡣࠊ₃ฟ࡟ࡼࡿቯṚࡣࡳࡽࢀ࡞࠿ࡗࡓ࡜ࡍࡿሗ࿌ࡀከ࠸
ࡀ 1 2 - 1 5 )ࠊ୍㒊ࡢ⑕౛࡛ࡣቯṚࡀㄆࡵࡽࢀࡓ࡜ࡢሗ࿌ࡶ࠶ࡾ 1 6 - 1 8 )ࠊയᐖࡢ⛬
ᗘࡸᑐฎἲ࡟ࡘ࠸࡚ࡣศ࠿ࡗ࡚࠸࡞࠸ࠋࡋࡓࡀࡗ࡚ࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡢ⾑⟶
እ₃ฟ࡟ࡼࡿ⤌⧊യᐖᛶࢆ᫂ࡽ࠿࡟ࡋࠊ⾑⟶እ₃ฟ᫬ࡢ₯ᅾⓗ࡞യᐖࣜࢫࢡ
ࢆ᫂ࡽ࠿࡟ࡍࡿᚲせࡀ࠶ࡿࠋ  
⾑⟶እ₃ฟࡢ࣐ࢿࢪ࣓ࣥࢺ࡛ࡣࠊ⸆๣ࡢയᐖࣜࢫࢡࢆᢕᥱࡋࠊࣜࢫࢡ࡟ᛂ
ࡌ࡚㎿㏿࡟ᑐฎࡍࡿࡇ࡜ࡀ㔜せ࡛࠶ࡿࠋ⾑⟶እ₃ฟ࡟ࡼࡿയᐖࡢᑐฎἲ࡟ࡣࠊ
₃ฟࡋࡓ⸆ᾮࢆ྾ᘬ㝖ཤࡍࡿࡇ࡜࡟ࡼࡾ᭚㟢ࡉࢀࡿ⸆๣ࡢ㔞ࢆῶࡽࡍࡇ࡜ࡸࠊ
₃ฟ㒊఩ࡢᣙୖࠊᒁᡤࡢ෭⨣ἲ࣭ ⨣ἲࠊእ⛉ⓗᡭ⾡ࠊ୰࿴⸆ࡢᢞ୚࡞࡝ࡀ
࠶ࡿ 6 ,1 9 )ࠋ෭ ⨣ἲࡣࠊᾋ⭘ࡸ⑊③ࢆῶᑡࡋࠊ₃ฟ᫬ࡢ୺せ࡞ᑐฎἲ࡜ࡉࢀ
࡚࠸ࡿ 4 , 6 , 8 , 9 )ࠋ⾑⟶እ₃ฟࡢ࣐ࢿࢪ࣓ࣥࢺࡢ overview ࡛ࡣࠊ་⒪ᶵ㛵࡟࠾࠸
࡚ࡣデ⒪⛉ࡈ࡜࡟⨣ἲࣃࢵࢡධࡾࡢ₃ฟᑐᛂ࢟ࢵࢺࢆ㓄⨨ࡍࡿࡇ࡜ࢆ᥎ዡࡋ
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࡞ࡣ࡛ศ༑ࡣᣐ᰿࡞ⓗᏛ⛉ࡢ࡚࠸ࡘ࡟ᯝຠ⒪἞ࡢἲ⨣ ෭ࠊ᪉୍ࠋ) 02 ࡿ࠸࡚
࢝ࣟࣉࡣྜሙࡓࢀ₃࡟እ⬦㟼ࠕࠊࡣ࡟᭩ᩥ௜ῧࡢ࣮ࣝࢱࣥ࣌࢜ࢳࠊࡤ࠼౛ࠋ࠸
ࠖ࡜ࡇ࠺⾜ࢆ⨨ฎ࡞ษ㐺ࡢ➼ᕸ‵ ࠊ₶ᾐࡿࡼ࡟๣㓉㯞ᡤᒁࡢ➼ᾮᑕὀࣥ࢖
₃ࠊࡃ࡞ࡣ࿌ሗ✲◊ࡿ࡞࡜ᣐ᰿ࡢࡇࠊࡀࡿ࠸࡚ࢀࡉཬゝࡀἲฎᑐࡢ᫬ฟ₃࡜
1 ࡿࡍ࡜ࡓࡗ࠶࡛ຠ᭷ࡀࣥ࢖࢝ࢻࣜࠊࡣᩥㄽࡓࢀࡉཬゝ࡚࠸ࡘ࡟ᛂᑐࡢ᫬ฟ
࡟࿴⦆ࡢ③⑊ࡀ༷෭ࠊࡣ࡚࠸ࡘ࡟࣮࢛ࣝࣇ࣏ࣟࣉࠊࡓࡲࠋ) 1 2 ࡿ࠶࡛ࡅࡔ࿌ሗ
  ࠋ) 2 2 ࡿ࠶࡛ࡳࡢ࿌ሗ౛⑕ࡍ♧ࢆ࡜ࡇࡓࡗ࠶࡛ຠ᭷
ࡘ࡟࣮࢛ࣝࣇ࣏ࣟࣉ࡜࣮ࣝࢱࣥ࣌࢜ࢳࡣ࡛✲◊ᮏࠊ࡜ࡶࡢᬒ⫼࡞࠺ࡼࡢࡇ
ࠊ࡟ࡶ࡜࡜ࡿࡍ࡟࠿ࡽ᫂ࢆᛶᐖയ⧊⤌ࡢ᫬ࡓࡋฟ₃ࡀ๣⸆ࡢࢀࡒࢀࡑࠊ࡚࠸
  ࠋࡓࡳヨࢆ౯ホ࡞ⓗᏛ⧊⤌࡜ぢᡤ࡞ⓗ║⫗ࠊ࡚࠸ࡘ࡟ᯝຠ⒪἞ࡢἲ⨣ ෭
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➨ 1 ⠇ ࢳ࢜࣌ࣥࢱ࣮ࣝ࡜ࣉ࣏ࣟࣇ࢛࣮ࣝࡢ⾑⟶እ₃ฟࡢയᐖࣜࢫࢡ࡜  
⨣ἲࡢຠᯝࡢ⫗║ⓗホ౯  
 
ᮏ⠇࡛ࡣࠊࢳ࢜࣌ࣥࢱ࣮ࣝ࡜ࣉ࣏ࣟࣇ࢛࣮ࣝ࡟ࡘ࠸࡚⾑⟶እ₃ฟ᫬ࡢ⤌⧊
യᐖࡢᙉࡉࢆศ㢮ࡋࠊ⾑⟶እ₃ฟ᫬ࡢᑐฎἲ࡜ࡋ࡚⨣ἲࡢຠᯝࢆ⫗║ⓗ࡟ホ
౯ࡋࡓࠋ  
8 㐌㱋ࡢ Wistar ⣔㞝ᛶࣛࢵࢺ⫼㒊⓶ෆ࡟ࠊࢳ࢜࣌ࣥࢱ࣮ࣝࡲࡓࡣࣉ࣏ࣟࣇ࢛
࣮ࣝࢆ 0.1 mL ὀධࡋࠊ⸆๣₃ฟࣔࢹࣝࢆస〇ࡋࡓࠋ⏕㣗ὀධ↓἞⒪⩌ 3 ༉ࠊ⸆
๣ᢞ୚↓἞⒪⩌ࠊ෭⨣ἲ㸦 18-20Υ㸧3 ᫬㛫἞⒪⩌࠾ࡼࡧ ⨣ἲ㸦 40-42Υ㸧3 ᫬
㛫἞⒪⩌ྛ 5 ༉ࡢ⓶⭵യᐖࢆホ౯ࡋࡓࠋ⓶⭵യᐖࡢࣆ࣮ࢡ㠃✚࠾ࡼࡧ᭤⥺ୗ㠃
✚ (AUC)ࠊ἞⒵ࡲ࡛ࡢᮇ㛫ࢆᣦᶆ࡜ࡋ࡚⓶⭵യᐖࢆホ౯ࡋࡓࠋ  
⏕⌮㣗ሷᾮࢆ₃ฟࡉࡏࡓ⩌࡛ࡣࠊ⅖⑕ࡸቯṚࡢᡤぢࡀ࡞ࡃࠊ⫗║ⓗ࡞ኚ໬
ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࢳ࢜࣌ࣥࢱ࣮ࣝࢆ₃ฟࡉࡏࡓ⩌࡛ࡣࠊ₃ฟᚋ࡟Ⓨ㉥ࡸ
◳໬ࠊᾋ⭘ࠊ⭘⬽࡞࡝ࡢᡤぢࢆㄆࡵࠊ24 ᫬㛫ᚋ࡟യᐖࡢࣆ࣮ࢡࢆ♧ࡋࡓ  (Fig. 
1)ࠋ₃ฟ㛤ጞ࠿ࡽ 2㸫 3 ᪥ᚋ࡟ࡣ⾲⓶࡛ኚᛶࡀ㐍ࡳࠊࡑࡢᚋࠊ⓶⭵₽⒆㒊࠿
ࡽ⑐⓶ࡀ๤㞳ࡍࡿቯṚᛶࡢᡤぢࡀᚓࡽࢀࡓࠋയᐖീࡣ෇ᙧ࡛ࠊ◳໬ࠊⓎ㉥ࠊ
₽⒆  (኱ࡁ࠸㡰 )  ࡀ෇ࡢ୰ᚰ࠿ࡽእഃ࡟ྥ࠿ࡗ࡚ᗈࡀࡗ࡚࠸ࡓࠋࣆ࣮ࢡࢆ㐣
ࡂࡓᚋࠊ⓶⭵ࡢയᐖࡣ⤒᪥ⓗ࡟⦰ᑠഴྥࢆ♧ࡋࠊ᏶඲࡟἞⒵ࡍࡿࡢ࡟ 18㸫 26
᪥ࢆせࡋࡓ  (Fig. 1)ࠋࢳ࢜࣌ࣥࢱ࣮ࣝ₃ฟ⩌࡟෭⨣ἲࢆ᪋ࡋࡓሙྜࠊ↓἞⒪
⩌࡜ẚ㍑ࡋ࡚⓶⭵യᐖࡢ⛬ᗘࡣ㍍ῶࡍࡿഴྥࢆ♧ࡋࡓࠋࡲࡓࠊ἞⒵ࡲ࡛ࡢᮇ
㛫ࡶῶᑡࡋࡓ  (p<0.05)ࠋ୍᪉ࠊ ⨣ἲࢆ᪋ࡋࡓሙྜ࡟ࡣࠊ↓἞⒪⩌ࡼࡾࡶ⓶
⭵യᐖࣆ࣮ࢡ㠃✚  (p<0.01) ࡜᫬㛫̿യᐖ㠃✚᭤⥺ୗ㠃✚  (area under the 
lesion-time curve㸸AUC) (p<0.01) ࡀ᭷ព࡟ቑຍࡋࠊ἞⒵ࡲ࡛ࡢ᫬㛫ࡀ⣙ 6
᪥ᘏ㛗ࡋࡓ  (p<0.01) (Table 1)ࠋ  
ࣉ࣏ࣟࣇ࢛࣮ࣝ₃ฟ⩌ࡣࢳ࢜࣌ࣥࢱ࣮ࣝ₃ฟ⩌࡜ẚ㍑ࡋ࡚ࠊ⓶⭵ࡢയᐖࡀ
㍍ᗘ࡛࠶ࡾࠊ₃ฟ㒊఩ࡢ◳໬ࡸ₽⒆ࢆㄆࡵࡎࠊ₃ฟ┤ᚋ࡟Ⓨ㉥ࡀࢃࡎ࠿࡟ほ
ᐹࡉࢀࡓࡢࡳ࡛࠶ࡗࡓࠋ᏶඲࡟἞⒵ࡍࡿࡢ࡟せࡋࡓ᫬㛫ࡣ 1㸫 2 ᪥࡜ࢳ࢜࣌
ࣥࢱ࣮ࣝ࡟ẚ࡭࡚▷ᮇ㛫࡛࠶ࡗࡓ  (Fig. 1)ࠋࣉ࣏ࣟࣇ࢛࣮ࣝ₃ฟ⩌࡟෭⨣ἲ
ࢆ᪋ ࡋ ࡓሙ ྜ ࠊ ↓ ἞⒪ ⩌ ࡜ẚ ㍑ ࡋ࡚ ⓶⭵ യ ᐖࡢ ࣆ ࣮ࢡ 㠃✚ ࡀ ῶᑡ ࡋࡓ
(p<0.05)ࠋ୍᪉ࠊ ⨣ἲࢆ᪋ࡋࡓሙྜ࡟ࡣࠊࢥࣥࢺ࣮ࣟࣝ⩌࡜ẚ㍑ࡋ࡚⓶⭵
യᐖࡢࣆ࣮ࢡ㠃✚  (p<0.01)ࠊAUC (p<0.01)ࡀ᭷ព࡟ቑຍࡋࠊ἞⒵ࡍࡿࡢ࡟
せࡋࡓ᫬㛫ࡶቑຍࡍࡿഴྥࢆ♧ࡋࡓ  (Table 1)ࠋ  
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Fig.  1.  Effects of  local  cooling or  warming on  macroscopic injury induced by 
thiopental (a)  or  propofol (b)  extravasation in rats . 
 Thiopental  (2.5 mg)  or propofol  (1.0 mg)  were administered intradermally 
(ID) at a volume of 100 μL. Local  cooling (18–20°C)  and warming (40–42°C) 
were performed for 3 h immediately  after ID of thiopental or propofol .  
Remaining lesions were monitored until the injury was healed completely.  
Open circles, closed c ircles and closed squares represent lack of  treatment, 
cooling and warming,  respectively.  Each value represents the mean r  SEM of  
results from f ive rats.  *P<0.05,  * *P<0.01: signif icantly different from 
controls (non-treatment) .  
  
-䕔- warming
-䚽- non treatment
-䖃- cooling
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Table  1. Effects of  local  cooling or  warming on thiopental -  and  
propofol- induced skin lesion parameters in rats .  
 
 
AUC, area under  the  les ion-t ime curve .  Thiopental  (2 .5  mg)  and                                
propofo l  (1 .0 mg)  were  adminis tered intraderma lly (ID)  a t  a  volume of  100 μL.  Local  
cooling (18–20°C) and warming (40–42°C) were per formed  for  3  h immedia te ly a f ter  
ID of thiopental  or  propofo l .  Remaining lesions were  moni tored  unt i l  the  injury was 
comple te ly healed.  Each value  represents the mean ± SEM of resul t s  from five  ra ts .  
*P<0.05 ,  * *P<0.01:  s igni f icantly di fferent  f rom controls (non-treatment ) .   
 
  
  
Agent/Treatment    Peak area (cm2)  AUC (cm2 days)  Damage duration (days) 
Thiopental 
     None            3.9 r 0.2         42.0 r 2.3         20.9 r 0.9          
     Cooling          3.3 r 0.2         31.5 r 2.1         17.6 r 1.1* 
Warming         6.6 r 0.5**        98.4 r 6.2**         26.8 r 1.3** 
Propofol 
     None            1.0 r 0.2          1.3 r 0.3          1.5 r 0.2          
     Cooling          0.3 r 0.1*          0.3 r 0.1          1.1 r 0.2 
Warming         2.2 r 0.2**         3.7 r 0.7**         2.2 r 0.3 
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➨ 2 ⠇ ࢳ࢜࣌ࣥࢱ࣮ࣝ࡜ࣉ࣏ࣟࣇ࢛࣮ࣝࡢ⾑⟶እ₃ฟࡢയᐖࣜࢫࢡ࡜  
⨣ἲࡢຠᯝࡢ⤌⧊Ꮫⓗホ౯  
 
ᮏ⠇࡛ࡣࠊࢳ࢜࣌ࣥࢱ࣮ࣝ࡜ࣉ࣏ࣟࣇ࢛࣮ࣝ࡟ࡘ࠸࡚⾑⟶እ₃ฟ᫬ࡢ⤌⧊
യᐖࡢᙉࡉ࡜⾑⟶እ₃ฟ᫬ࡢᑐฎἲ࡜ࡋ࡚⨣ἲࡢຠᯝࢆ࣐࣊ࢺ࢟ࢩࣜࣥ –࢚
࢜ࢪࣥ  (hematoxylin  and eosin  㸸HE) ᰁⰍࢆ⏝࠸࡚⤌⧊Ꮫⓗ࡟ホ౯ࡋࡓࠋ 
⏕⌮㣗ሷᾮࢆ₃ฟࡉࡏࡓ⓶⭵࡛ࡣ⤌⧊Ꮫⓗ࡞ኚ໬ࡀㄆࡵࡽࢀࡎࠊ⾲⓶ࠊ┿
⓶ࠊ⓶➽࡞࡝ࡢ⓶⭵⤌⧊ࡢᵓ㐀ࡣಖࡓࢀ࡚࠸ࡓࠋ୍᪉ࠊࢳ࢜࣌ࣥࢱ࣮ࣝ₃ฟ
⩌࡛ࡣࠊ₃ฟ 24 ᫬㛫ᚋ࡟ࡍ࡭࡚⾲⓶ࡀ⬺ⴠࡋࠊ┿⓶ᵓ㐀ࡢᾘኻ࡜⭺ཎ⧄⥔
ࡢኚᛶ࣭ቯṚࡀㄆࡵࡽࢀࡓࠋࡲࡓࠊ⓶➽ࡢ⣽⬊㛫㝽ࡀᣑ኱ࠊࡍ࡞ࢃࡕᾋ⭘ࡀ
ㄆࡵࡽࢀࡓࠋ෭⨣ἲฎ⨨⩌࡛ࡣࠊ↓ฎ⨨⩌ࡼࡾࡶᾋ⭘ࡀ㍍ῶࡋ࡚࠸ࡓࡀࠊ 
⨣ἲ⩌࡛ࡣࠊ┿⓶῝ᒙࡢ⭺ཎ⧄⥔ࡲ࡛⣽࠿ࡃ᩿⿣ࡋࠊ⾲⓶ࠊ┿⓶ࡢኚᛶ࣭ቯ
Ṛ࡟࡜࡝ࡲࡽࡎࠊയᐖࡀᗈ⠊ᅖ࡟ᣑ኱ࡋࠊ⓶ୗ⤌⧊ࠊ⓶➽⤌⧊ࡢ↓ᵓ㐀໬ࠊ
᰾ᔂቯࠊኚᛶࠊቯṚࡀࡳࡽࢀࡓ  (Fig. 2)ࠋ  
ࣉ࣏ࣟࣇ࢛࣮ࣝ₃ฟ⩌ࡣࠊⓎ㉥࡜┿⓶ࡸ⓶➽࡬ࡢ⅖⑕ᛶ⣽⬊ࡢᾐ₶ࡀほᐹ
ࡉࢀࡓࡀࠊቯṚࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࡲࡓࠊ෭ ⨣ἲࡢฎ⨨࡟ࡼࡿ⤌⧊Ꮫⓗ
࡞ኚ໬ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ  (Fig. 3)ࠋ  
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Fig.  2.  Effects of  local  cooling or  warming on  histopathological  skin lesions 
at 24 hours after  thiopental extravasation in rats .  
Normal skin (a,  b)  at 24 hours after  intradermal injection (ID) of  saline 
shows complete  architectural construction of dermis, skin appendixes,  
epithelium (E) , dermis (D),  muscle (M), hair fo ll ic le (H) , sebaceous glands 
(SG), vessel (V) . Control (c ,  d)  is  a group without any treatment after  ID of 
thiopental  (2.5 mg) . Cooling treated with cold pack (18–20°C)  for 3 h 
immediately  after thiopental  ID, reduced edema (e ,  f ) .  Warming treated with 
hot pack (40–42°C)  for 3 h immediately  after thiopental  ID, caused 
degeneration and necrosis in the deep dermis and muscle (g , h).  Hematoxylin 
and eosin stain: (a, c,  e,  g )  magnification ×4;  (b,  d,  f ,  h)  magnif ication ×20.  
 
  
d h
c ge
f
E
D
M
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V
M
D
b
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Normal               Non treatment      Cooling               Warming  
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Fig.  3.  Effects of  local  cooling or  warming on  histopathological  skin lesions 
at 24hours after  propofol extravasation in rats .   
Normal skin (a, b)  at 24hours after intradermal injection (ID) of  saline shows 
complete architectural construction of dermis, skin appendixes,  epithelium 
(E),  dermis (D) , muscle (M), hair  fo ll ic le (H),  sebaceous glands (SG), vessel 
(V).  Control  (c ,  d)  is a group without any treatment after ID of  propofol  (1.0 
mg). Cooling (e,  f )  treated with cold pack (18–20°C) for 3 h immediately after 
propofol ID and warming (g,  h)  treated with hot pack (40–42°C) for 3 h 
immediately after  propofol  ID. Skin tissues were biopsied at 24 h after ID of  
saline or  propofol.  Hematoxylin and eosin stain:  (a,  c ,  e,  g)  magnification ×4;  
(b,  d , f ,  h )  magnif ication ×20.    
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➨ 3 ⠇ ᑠᣓ  
 
ᮏ❶࡛ࡣࠊࢳ࢜࣌ࣥࢱ࣮ࣝ࠾ࡼࡧࣉ࣏ࣟࣇ࢛࣮ࣝ₃ฟ᫬ࡢയᐖࣜࢫࢡ࡜෭
 ⨣ἲࡢ἞⒪ຠᯝࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ┠ⓗ࡟ࠊ⾑⟶እ₃ฟࣔࢹࣝࣛࢵࢺࢆ
⏝࠸࡚୧⸆๣ࡢ₃ฟ࡟ࡼࡿ⓶⭵യᐖࢆ⫗║ⓗཬࡧ⤌⧊Ꮫⓗ࡟ホ౯ࡋࡓࠋ  
⸆๣ࡢ⾑⟶እ₃ฟ࡟ࡼࡿ⓶⭵യᐖᛶࡣࠊ౑⏝ࡍࡿ⸆๣ࡢ✀㢮࡟ࡼࡾࡑࡢ⛬
ᗘ࡟⤌⧊Ꮫⓗࠊ㉁ⓗ࡞┦㐪ࡀ࠶ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋࢳ࢜࣌ࣥࢱ࣮ࣝࢆ₃
ฟࡉࡏࡓሙྜࠊ⫗║ⓗ࡟⅖⑕ᡤぢࡸቯṚࡀㄆࡵࡽࢀࠊࡑࡢയᐖࡣ 24 ᫬㛫ᚋ
࡟ࣆ࣮ࢡࢆ♧ࡋࡓ  (Fig. 1)ࠋࡲࡓࠊ₃ฟ 24 ᫬㛫ᚋ࡟₃ฟ㒊఩ࡼࡾ᥇ྲྀࡋࡓ
⓶⭵࡛ࡣ┿⓶῝ᒙࡸ⓶➽࡟⮳ࡿࡲ࡛ቯṚࡀ㐍ࢇ࡛࠸ࡿࡇ࡜ࡀ⤌⧊Ꮫⓗ࡟♧ࡉ
ࢀࡓ  (Fig. 2)ࠋࡇࡢࡇ࡜࠿ࡽࠊࢳ࢜࣌ࣥࢱ࣮ࣝࡣቯṚᛶࡢ⸆๣࡛࠶ࡿ࡜ᐃ⩏
ࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋ㠀ᢠࡀࢇ๣ࡢ₃ฟ࡟ࡼࡿ⤌⧊യᐖࡢᶵᵓ࡟ࡘ࠸࡚ࡣࠊᾐ
㏱ᅽࡸ⁐ᾮࡢ pHࠊ⾑⟶཰⦰ࢆ♧ࡍࡇ࡜࡞࡝ࡀሗ࿌ࡉࢀ࡚࠸ࡿ 9 )ࠋᮏ◊✲࡛౑
⏝ࡋࡓࢳ࢜࣌ࣥࢱ࣮ࣝ〇๣  (ࣛ࣎ࢼ࣮ࣝ ®) ࡣࠊᾐ㏱ᅽẚ 0.8ࠊpH 10.2㸫 11.2
ࢆ♧ࡍࠋࡋࡓࡀࡗ࡚ࠊᮏ◊✲࡛ㄆࡵࡽࢀࡓࢳ࢜࣌ࣥࢱ࣮ࣝࡢ₃ฟ࡟ࡼࡿᙉ࠸
⓶⭵യᐖᛶࡣࠊయᾮ࡜⸆ᾮࡢᾐ㏱ᅽᕪ࡟ࡼࡿࡶࡢ࡛ࡣ࡞ࡃࠊሷᇶᛶ࡟ࡼࡿࡶ
ࡢ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ  
ࢳ࢜࣌ࣥࢱ࣮ࣝ࡜ࡣ␗࡞ࡾࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡣᒁᡤⓗ࡞Ⓨ㉥࡞࡝ࡢ⅖⑕ᡤ
ぢࡢࡳࢆ♧ࡋࠊቯṚ࡟ࡣ⮳ࡽ࡞࠿ࡗࡓࠋࡇࡢ⤖ᯝ࠿ࡽࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡣ᪤
ሗ 1 2 -1 5 )࡜ྠᵝࠊ⅖⑕ᛶࡢ⸆๣࡜ᐃ⩏࡙ࡅࡽࢀࡓࠋᮏ◊✲࡛౑⏝ࡋࡓࣉ࣏ࣟࣇ
࢛࣮ࣝ〇๣  (ࢹ࢕ࣉࣜࣂࣥ ®) ࡣࠊᾐ㏱ᅽẚ 1ࠊ pH 7.0㸫 8.5 ࢆ♧ࡍ⸆๣࡛࠶
ࡿࠋࡇࡢࡇ࡜࠿ࡽࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡢ₃ฟ࡟ࡼࡿ⅖⑕ࡢཎᅉ࡜ࡋ࡚ࠊᾐ㏱ᅽ
ࡸ pH ࡢᙳ㡪ࡣ࡞࠸࡜⪃࠼ࡽࢀࡿࠋࡇࢀࡲ࡛࡟ࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡢ₃ฟ࡟ࡼ
ࡿ⅖⑕ࡢཎᅉ࡜ࡋ࡚ࠊࣉ࣏ࣟࣇ࢛࣮ࣝ⮬㌟ࡀ⅖⑕ࢆㄏⓎࡍࡿάᛶࢆ᭷ࡋ࡚࠸
ࡿࡇ࡜ࡀᣦ᦬ࡉࢀ࡚࠸ࡿ 2 3 )ࠋࡲࡓࠊ〇๣୰࡟ྵࡲࢀࡿ⬡⫫ங๣ࡢ⢏Ꮚᚄࡀኚ
໬ࡍࡿࡇ࡜࡟ࡼࡾࠊẟ⣽⾑⟶ࡢ⬡⫫ሰᰦࡀ㉳ࡇࡾ࠺ࡿࡇ࡜ࡶᣦ᦬ࡉࢀ࡚࠸ࡿ
2 4 )ࠋࡇࢀࡽࡢሗ࿌࠿ࡽࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡢ₃ฟ࡟ࡼࡿ⅖⑕ࡢច㉳ᶵᵓ࡜ࡋ࡚ࠊ
ࣉ࣏ࣟࣇ࢛࣮ࣝ⮬㌟ࡢ⅖⑕ࢆㄏⓎࡍࡿάᛶࡸࠊࢲ࢖ࢬἜ࡞࡝ࡢῧຍ≀࡟ࡼࡿ
ẟ⣽⾑⟶ࡢሰᰦ࡞࡝ࡀ⪃࠼ࡽࢀࡿࠋᮏ◊✲࡛ࡣࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡢ₃ฟ࡟ࡼ
ࡿቯṚࡢᡤぢࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ୍᪉ࠊ㐣ཤࡢ⑕౛࡛ࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡢ
⾑⟶እ₃ฟ࡟ࡼࡿ⓶⭵⤌⧊ࡢቯṚࡀሗ࿌ࡉࢀ࡚࠸ࡿ 1 6 -1 8 )ࠋࣉ࣏ࣟࣇ࢛࣮ࣝࡣ
㏻ᖖࠊࢩࣜࣥࢪ࣏ࣥࣉࢆ⏝࠸࡚ᢞ୚ࡉࢀࡿ⸆๣࡛࠶ࡾࠊ₃ฟࡋࡓሙྜ࡛ࡶᙉ
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ไⓗ࡟ᢞ୚ࡀ⥅⥆ࡉࢀࡸࡍ࠸ࠋࡋࡓࡀࡗ࡚ࠊ⸆๣ࡢ⁐ᾮࡀ኱㔞࡟⾑⟶እ࡟₃
ฟࡋࠊ⤌⧊ෆᅽࡀஹ㐍ࡍࡿࡇ࡜࡛≀⌮ⓗ࡞⤌⧊യᐖࡀច㉳ࡉࢀࡿྍ⬟ᛶࡀ࠶
ࡿ 2 5 , 2 6 )ࠋࡲࡓࠊ࠸ࡃࡘ࠿ࡢㄽᩥ࡛ࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡢ₃ฟ࡟ࡼࡿ⓶⭵ࡢቯṚ
࡜ᰤ㣴୙Ⰻࡸᩋ⾑⑕ࠊ⢾ᒀ⑓࡞࡝ࡢ⑌ᝈ࡜ࡢ㛵㐃ࡀሗ࿌ࡉࢀ࡚࠸ࡿ 16 , 2 7 , 2 8 )ࠋ
ࡋࡓࡀࡗ࡚ࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡢ⾑⟶እ₃ฟ࡟ࡼࡿቯṚࡢሗ࿌ࡣ୺࡟㐣㔞࡞⁐
ᾮࡢ₃ฟ࡜ᝈ⪅⫼ᬒ࡛ㄝ࡛᫂ࡁࡿ࠿ࡶࡋࢀ࡞࠸ࠋᮏ◊✲ࡢ⤖ᯝ࡛ࡣࠊࡇࢀࡽ
ࡢᅉᏊࢆ᤼㝖ࡋ࡚ࣉ࣏ࣟࣇ࢛࣮ࣝࡢ₃ฟࣜࢫࢡࢆホ౯ࡍࡿࡇ࡜ࡀ࡛ࡁࠊ⤌⧊
Ꮫⓗ࡟ቯṚᛶࢆ⿬௜ࡅࡿ⤖ᯝࡣᚓࡽࢀ࡞࠿ࡗࡓࡇ࡜࠿ࡽࠊࣉ࣏ࣟࣇ࢛࣮ࣝࡣ
⅖⑕ᛶ⸆๣࡜ᐃ⩏ࡍࡿࡇ࡜ࡀ࡛ࡁࡓࠋ  
ᮏ◊✲࡛ࠊ෭⨣ἲ  (18㸫 20Υ࡛ 3 ᫬㛫 )  ࡣࠊࢳ࢜࣌ࣥࢱ࣮ࣝࡢ₃ฟ࡟ࡼࡾ
ច㉳ࡉࢀࡓ┿⓶ࠊ⓶ୗ⤌⧊ࠊ⓶➽ࡢᾋ⭘࡜ቯṚࢆ㍍ῶࡋࡓࠋࡇࡢᶵᵓ࡜ࡋ࡚ࠊ
₃ฟ┤ᚋࡢᒁᡤࡢ෭༷ࡀ⾲ᒙࡢ⾑⟶ࢆ཰⦰ࡉࡏࠊ⸆๣ࢆᒁᅾ໬ࡉࡏࡓࡇ࡜ࡀ
⪃࠼ࡽࢀࡿ 2 9 )ࠋ  
 ⨣ἲ࡟ࡼࡿയᐖࡢ἞⒵ᶵᵓ࡜ࡋ࡚ࠊᒁᡤࡢ⾑⟶ࢆᣑᙇࡍࡿࡇ࡜࡟ࡼࡿ₃
ฟࡋࡓ⸆๣ࡢ྾཰ࡢಁ㐍ࡀ⪃࠼ࡽࢀ࡚࠸ࡿ 4 ,8 , 9 )ࠋࡉࡽ࡟ࠊ ⨣ἲ࡟ࡼࡿ₃ฟ
㒊఩ࡢຍ ࡣ₃ฟࡋࡓ⸆๣ࡢศᩓࢆಁ㐍ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋࡇࡢࡇ࡜
࠿ࡽࠊࢳ࢜࣌ࣥࢱ࣮ࣝ₃ฟ᫬࡟ ⨣ἲ࡜㓟ᛶࡢᒁᡤ㯞㓉⸆ࢆే⏝ࡋࡓሙྜ࡟
ࡣࠊࢳ࢜࣌ࣥࢱ࣮ࣝࡢࡶࡘሷᇶᛶࡢ୰࿴ࢆಁ㐍ࡋࠊയᐖࡢ㐍⾜ࢆᙅࡵࡿྍ⬟
ᛶࡀ࠶ࡿ 9 )ࠋࡋ࠿ࡋ࡞ࡀࡽࠊᮏ◊✲࡛ᐇ᪋ࡋࡓ ⨣ἲࡢฎ⨨  (40㸫 42Υ࡛ 3
᫬㛫 ) ࡣࢳ࢜࣌ࣥࢱ࣮ࣝࡸࣉ࣏ࣟࣇ࢛࣮ࣝࡢ₃ฟ࡟ࡼࡿയᐖࢆቑᝏࡉࡏࡓࠋ
 ⨣ἲࡣࠊࣅࣥ࢝࢔ࣝ࢝ࣟ࢖ࢻ⣔ᢠࡀࢇ๣➼ࠊ୍㒊ࡢᢠࡀࢇ๣࡟ࡼࡿ⸆๣₃
ฟയᐖ࡟ᑐࡋ࡚᭷ຠᛶࢆ♧ࡍ᪉ἲ࡜ࡉࢀ࡚࠸ࡿࡀ 3 0 )ࠊࡑࡢ᭷ຠᛶ࡟㛵ࡍࡿ࢚
ࣅࢹࣥࢫࡣஈࡋ࠸ࠋࡇࢀࡽࡢ⤖ᯝࢆྜࢃࡏ࡚⪃࠼ࡿ࡜ࠊࢳ࢜࣌ࣥࢱ࣮ࣝࡢ⾑
⟶እ₃ฟ࡟ᑐࡍࡿฎ⨨࡜ࡋ࡚ῧ௜ᩥ᭩࡛᥎ዡࡉࢀ࡚࠸ࡿ ⨣ἲࡣࠊ୙㐺ษ࡞
ฎ⨨࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ  
⸆๣₃ฟ࡟ᑐࡍࡿ⨣ἲࡢ᪉ἲࡣࠊ⌧ᅾࡲ࡛ࡑࡢ ᗘࡸ᫬㛫ࡣᐃࡲࡗ࡚࠸࡞
࠸ 2 6 )ࠋ᪤ሗ࡛⾜ࢃࢀ࡚࠸ࡿ 20 ศ 4 ᅇ /᪥ࡢ⨣ἲࡣ 31 )ࠊ㊊㛵⠇ࡢ᤬᣸➼࡬ࡢ
ᑐฎ࡛࠶ࡿ protection, rest,  ice,  compression, elevation (PRICE)  3 2 )࠾ࡼࡧ
cryotherapy 3 3 )ࡢᛂ⏝࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋOyama ࡽ 3 4)ࡣࠊࢻ࢟ࢯࣝࣅࢩ
ࣥ₃ฟࣔࢹ࣐ࣝ࢘ࢫࢆ⏝࠸ࡓ᳨ウ࡟ࡼࡾࠊ 20Υ࡛ 3 ᫬㛫⥅⥆ࡋࡓ෭⨣ἲࡣࠊ
20 ศ㛫ࡢ෭⨣ἲࢆ⧞ࡾ㏉ࡍ᪉ἲࡼࡾࡶ C5a receptor (CD88) ࡸ࢖ࣥࢱ࣮ࣟ
࢖࢟ࣥ  (IL)-8RA ࢆⓎ⌧ࡋࡓ⅖⑕ᛶ⣽⬊ᩘ࡜ᮎᲈ⚄⤒⥺⥔᮰࠾ࡼࡧ⾲⓶࡟࠾
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ࡅࡿ transient receptor potential vanilloid type 1 (TRPV1) ࡢⓎ⌧ࢆῶᑡ
ࡉࡏࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿࠋ IL-8RA ࡸ C5a ࡣ⅖⑕㒊఩࡬ዲ୰⌫ࡸ࣐ࢡࣟࣇ
࢓࣮ࢪࡢ㐟㉮ࢆಁ㐍ࡍࡿࠋࡲࡓࠊTRPV1 ࡣ ᗘឤཷᛶࡢࢳࣕࢿ࡛ࣝ࠶ࡾࠊ⅖
⑕཯ᛂࡢច㉳࡟క࠸Ⓨ⌧ࡀቑຍࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ 3 5 )ࠋࡇࡢࡇ࡜࠿ࡽࠊ
᪤ሗ࡛⾜ࢃࢀ࡚࠸ࡿ 20 ศࡢฎ⨨࡛ࡣ⅖⑕ᛶ⸆๣ࡢ₃ฟ࡟ࡼࡿയᐖࡢ἞⒪࡟
୙༑ศ࡛࠶ࡿྍ⬟ᛶࡀ࠶ࡿࠋᮏ◊✲࡛ࡣ 3 ᫬㛫ࡢ෭⨣ἲ࡟ࡼࡾࠊࢳ࢜࣌ࣥࢱ
࣮ࣝ࡜ࣉ࣏ࣟࣇ࢛࣮ࣝࡢ₃ฟ࡟ࡼࡿയᐖࡀ⦆࿴ࡋࡓࠋࡋࡓࡀࡗ࡚ࠊࡇࢀࡽࡢ
⸆๣ࡢ₃ฟ᫬࡟ࡣ 3 ᫬㛫ࡢ෭⨣ἲࡀ㐺ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋ  
ᮏ◊✲࡛ࡣࠊ⫗║ⓗཬࡧ⤌⧊Ꮫⓗ࡞ほⅬ࠿ࡽࠊࢳ࢜࣌ࣥࢱ࣮ࣝ࡜ࣉ࣏ࣟࣇ
࢛࣮ࣝࡢ₃ฟയᐖࣜࢫࢡ࡟㛵ࡍࡿ᝟ሗࢆᥦ౪ࡋࡓࠋ་⒪ᚑ஦⪅ࡣࠊ㠀ᢠࡀࢇ
๣࡛ࡶ₃ฟ᫬ࡢയᐖࡢ㧗࠸⸆࡟ࡘ࠸࡚ᢠࡀࢇ๣࡜ྠᵝ࡟ὀពࡋࠊ๰യ἞⒵㐣
⛬ࢆ⌮ゎࡋࡓୖ࡛ࠊண㜵࠾ࡼࡧ᪩ᮇⓎぢ࡟ດࡵࡿࡇ࡜ࡀ㔜せ࡛࠶ࡿ࡜⪃࠼ࡽ
ࢀࡿࠋ  
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➨ϩ❶  
ᇵ㣴ࣄࢺゅ⭷ୖ⓶⣽⬊ࢆ⏝࠸ࡓࣚ࢘⣲〇๣ࡢゅ⭷ୖ⓶⣽⬊
യᐖᛶホ౯  
 
ⓑෆ㞀ࡸ⥳ෆ㞀➼║⛉ᡭ⾡ࡢᢏ⾡ࡣᖺࠎྥୖࡋࠊ⾡ᚋྜే⑕ࡢᑡ࡞࠸Ᏻᐃ
ࡋࡓᡂ⦼ࢆᚓࡽࢀࡿᡭ⾡࡜࡞ࡗ࡚࠸ࡿࠋࡋ࠿ࡋ⾡ᚋྜే⑕ࡀⓎ⏕ࡍࡿ༴㝤ᛶ
ࡣⓙ↓࡛ࡣ࡞ࡃࠊ࡜ࡃ࡟⾡ᚋ║ෆ⅖ࡣỌஂⓗ࡞どຊ㞀ᐖࢆṧࡍࡇ࡜ࡀከ࠸Ⅼ
࡛ࠊⓎ⏕㢖ᗘࡣపࡃ࡚ࡶ༴㝤ᛶࡀ㧗࠸ྜే⑕࡛࠶ࡿࠋ  
⾡ᚋ║ෆ⅖ࡢ୺せ㉳⅖⳦࡛࠶ࡿ Staphylococcus aureus, Staphylococcus 
epidermidis, Enterococcus faecalis, Propionibacterium acnes ࡣᝈ⪅⤖⭷
ᄞࡢᖖᅾ⳦࡛࠶ࡾࠊ⾡୰ࠊ⾡ᚋ࡟ࠊ⾡๰࠿ࡽ║ෆ࡟ᣢࡕ㎸ࡲࢀࠊࡇࢀࡀ║ෆ
⅖ࢆច㉳ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡿ 3 6 )ࠋࡋࡓࡀࡗ࡚⾡ᚋ║ෆ⅖ࡢண㜵࡟ࡣࠊ
ゅ⭷ࠊ⤖⭷ࠊ║▛ࡢῶ⳦ࡀ㔜せ࡛࠶ࡿࠋ  
2002 ᖺ Ciulla ࡽ 3 7 )࡟ࡼࡿ⾡ᚋ║ෆ⅖ண㜵ἲ࡟ࡘ࠸࡚ࡢ evidence rating
࡟ࡼࡿ࡜ࠊ၏୍ࠕ࣏ࣅࢻ࣮ࣥࣚࢻ  (povidone-iodine solution㸸PVP-I) ࡟ࡼ
ࡿ⤖⭷ᄞᾘẘࠖࡀ B ࣛࣥࢡ (⮫ᗋ⤒㐣࡟୰➼ᗘ㔜せ࡜⪃࠼ࡽࢀ᥎ዡࡉࢀࡿ )࡜
ホ౯ࡉࢀࠊ௚ࡢᡭẁࡣ࠸ࡎࢀࡶ࢚ࣅࢹࣥࢫ࡟ஈࡋ࠸࡜ࡉࢀࡓࠋࡲࡓࠊ⡿ᅜឤ
ᰁ⑕Ꮫ఍ࡢᨵゞ∧࢞࢖ࢻࣛ࢖ࣥ 2013 ࡛ࡶࠊ⾡ᚋ║ෆ⅖ࡢண㜵⟇࡜ࡋ࡚ PVP-I
࡟ࡼࡿ⤖⭷ᄞࡢᾘẘࡀ࢚ࣅࢹࣥࢫ࡟ᇶ࡙ࡁ᥎ዡࡉࢀ࡚࠸ࡿ 36 )ࠋPVP-I ࡣỈ࡟
ࢃࡎ࠿ࡋ࠿⁐ゎࡋ࡞࠸ࣚ࢘⣲ࢆ࣏ࣜࣅࢽࣝࣆࣟࣜࢻࣥ࡜」ྜయࢆᙧᡂࡍࡿࡇ
࡜࡟ࡼࡗ࡚Ỉ⁐໬ࡋࡓ〇๣࡛ࠊ⏕య࡟౑⏝࡛ࡁࡿᾘẘ⸆࡜ࡋ࡚ᗈࡃ౑⏝ࡉࢀ
࡚࠸ࡿࠋ  
ࡋ࠿ࡋᮏ㑥࡛ࡣ PVP-I 〇๣ࡢ⤖⭷ᄞ࡬ࡢ㐺ᛂࡣᢎㄆࡉࢀ࡚࠸࡞࠸ࠋᐇ㝿࡟
ࡣ౑⏝ࡉࢀ࡚ࡁࡓ⤖ᯝࠊゅ⭷ୖ⓶യᐖࡢ๪స⏝ࡀሗ࿌ࡉࢀࠊྲྀᢅ࠸ୖࡢὀព
࡜ࡋ࡚║࡟ࡣ౑⏝ࡋ࡞࠸ࡼ࠺ᣦ♧ࡉࢀ࡚࠸ࡿࠋࡋࡓࡀࡗ࡚ࠊᮏ㑥࡟࠾࠸࡚║
ᾘẘ࡟㐺ᛂࡢ࠶ࡿࣚ࢘⣲〇๣ࡣࣚ࢘⣲࣭࣏ࣜࣅࢽࣝ࢔ࣝࢥ࣮ࣝ  (polyvinyl 
alcohol-iodine㸸PAI) 〇๣࡟㝈ࡽࢀ࡚࠸ࡿࠋ୧๣࡜ࡶࡑࡢస⏝ᶵᗎࡣ㐟㞳ࣚ
࢘⣲ I2 ࡀỈࢆ㓟໬ࡋ࡚⏕ࡌࡿ H2OI+ࡀࠊ⣽⳦࠾ࡼࡧ࢘࢖ࣝࢫ⾲㠃ࡢ⭷ࢱࣥࣃ
ࢡ㸦 -SH ࢢ࣮ࣝࣉࠊࢳࣟࢩࣥࠊࣄࢫࢳࢪࣥ㸧࡜཯ᛂࡍࡿࡇ࡜࡟ࡼࡾ⣽⳦࠾ࡼ
ࡧ࢘࢖ࣝࢫࢆṚ⁛ࡉࡏࡿ࡜᥎ᐃࡉࢀ࡚࠸ࡿ 3 8 )  (Table 2)ࠋ  
࡜ࡇࢁࡀࠊࡇࡢ PAI ࡀ PVP-I ࡜ẚ࡭࡚ゅ⭷ୖ⓶യᐖ࡬ࡢᙳ㡪ࡀᑡ࡞࠸࠿࡝
࠺࠿࡟ࡘ࠸࡚ࡣࠊ⮫ᗋ◊✲࡛୧๣࡜ࡶ㔜⠜࡞ゅ⭷ୖ⓶യᐖࡣࡳࡽࢀ࡞࠿ࡗࡓ
- 15 - 
࡜࠸࠺ሗ࿌ 3 9 -4 1 )ࡀ࠶ࡿࡶࡢࡢ⣽⬊࡛ࣞ࣋ࣝࡢẚ㍑◊✲ࡣ࡞ࡉࢀ࡚࠸࡞࠸ࠋ  
ゅ⭷ࡣ┤ᚄࡀ 1.2 cmࠊཌࡉ 0.5 mm ࡢᑠࡉ࡞⤌⧊࡛ࠊ㏱᫂ᛶ࡜どᶵ⬟ࢆಖ
ࡘࡓࡵ࡟ᚤ⣽࡞ᵓ㐀ࢆࡋ࡚࠸ࡿࠋᾘẘ๣࡟ࡼࡿゅ⭷യᐖ࡟ࡣᾘẘ๣⮬యࡢᙳ
㡪ࡔࡅ࡛࡞ࡃࠊゅ⭷▱ぬ⚄⤒࡟ࡼࡿୖ⓶ࡢ࣓ࣥࢸࢼࣥࢫᶵᵓࡸᾦᾮᒙࡢ≧ែ
ࡀ㛵୚ࡍࡿࡓࡵࠊᾘẘ๣ࡢゅ⭷⣽⬊࡬ࡢ┤᥋స⏝ࡢ᳨ฟࡣ⮫ᗋ◊✲ࡔࡅ࡛ࡣ
୙༑ศ࡛࠶ࡾࠊ⣽⬊ẘᛶヨ㦂➼ࡢ༢⣧⣔ヨ㦂࡟ࡼࡾᇶ♏◊✲࡜୧㠃࠿ࡽࡢホ
౯ࡀ㔜せ࡛࠶ࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ 42 )ࠋ  
ࡑࡇ࡛௒ᅇࠊPVP-I ࡜ PAI ࡢゅ⭷ୖ⓶⣽⬊ࡢയᐖᛶ࡟ࡘ࠸࡚ࠊᇵ㣴ࣄࢺゅ
⭷ୖ⓶⣽⬊  (human corneal epithelial cell 㸸HCE-T) ࢆ⏝࠸᳨࡚ウࡋࡓࠋ  
 
 
Table 2.  ࣏ࣅࢻ࣮ࣥࣚࢻ࡜ࣚ࢘⣲࣭࣏ࣜࣅࢽࣝ࢔ࣝࢥ࣮ࣝ  
  
  ࣏ࣅࢻ࣮ࣥࣚࢻ
㸦࢖ࢯࢪࣥpᾮࠊ393,㸧
ࣚ࢘⣲࣭࣏ࣜࣅࢽࣝ࢔ࣝࢥࣝ
㸦3$࣭࣮ࣚࢻⅬ║ᾮࠊ3$,㸧
ᵓ㐀ᘧ
⸆⌮స⏝ 㐟㞳ࣚ࢘⣲,ࡢ㓟໬స⏝࡟ࡼࡿẅ⳦ຠᯝ
᭷ຠᡂศ ࣚ࢘⣲PJP/
࣏ࣅࢻ࣮ࣥࣚࢻ PJP/
ࣚ࢘⣲ PJP/
࣏ࣜࣅࢽࣝ࢔ࣝࢥ࣮ࣝPJP/
ῧຍ≀ ⃰ࢢࣜࢭࣜࣥࠊࢡ࢚ࣥ㓟Ỉ࿴≀
↓Ỉࣜࣥ㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘
࣐ࣛ࢘ࣟࢡࣟࢦ࣮ࣝࠊS+ㄪᩚ๣
⁐ゎ⿵ຓ๣㸦ࣚ࢘໬࣒࢝ࣜ࢘㸧
S+  
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➨ 1 ⠇  ࣏ࣅࢻ࣮ࣥࣚࢻ࡜ࣚ࢘⣲࣭࣏ࣜࣅࢽࣝ࢔ࣝࢥ࣮ࣝࡢ  
⣽⬊യᐖᛶホ౯  
 
ᮏ⠇࡛ࡣ PVP-I࡜ PAIࢆ HCE-T⣽⬊࡟ 30⛊ฎ⌮ᚋࡢ⣽⬊⏕Ꮡ⋡࠿ࡽྛࠎ
ࡢ⣽⬊യᐖᛶࢆ᳨ウࡋࡓࠋ  
ྛᾘẘ๣ࡢゅ⭷ୖ⓶⣽⬊യᐖᛶࢆ Fig. 4aࠊFig. 4b ࡟♧ࡋࡓࠋ࠸ࡎࢀࡢฎ
⌮⩌࡟࠾࠸࡚ࡶฎ⌮⃰ᗘࡢୖ᪼࡜࡜ࡶ࡟⣽⬊⏕Ꮡ⋡ࡢపୗࡀㄆࡵࡽࢀࡓࠋ⮫
ᗋ࡛౑⏝ࡉࢀࡿ PVP-I 16 ಸᕼ㔘ᾮࡢ 30 ⛊ฎ⌮࡟࠾ࡅࡿ⣽⬊⏕Ꮡ⋡ 39.1s
2.5%ࡣࠊPAI 6 ಸᕼ㔘ᾮࡢ 57.5s7.2%࡜ẚ㍑ࡋࡑࡢ⣽⬊യᐖᛶࡣ᭷ព࡟ప࠿
ࡗࡓ  (p<0.01)ࠋ  
 
 
 
Fig.  4.  HCE-T cell  v iabil ity fo l lowing exposure to  PVP-I and PAI for 30 sec. 
The mean and standard deviations of  viable cel l numbers fo l lowing exposure 
to PVP-I  (a) and PAI (b) assessed in duplicate (f ive  separate experiments ) 
using the CCK8 assay. ** : P < 0.01 versus saline (Dunnett ’s multiple  
comparison)  
 
ࡲࡓ PVP-I ࡜ PAI ࡢ࠺ࡕࠊ᭷ຠࣚ࢘⣲⃰ᗘࡀ➼ࡋ࠸ᕼ㔘ᾮ࡟ࡼࡿゅ⭷ୖ⓶
യᐖࢆẚ㍑ࡋࡓ࡜ࡇࢁࠊ〇๣㛫࡛ᕪࡀ࡞ࡃࠊ᭷ຠࣚ࢘⣲⃰ᗘࡀ➼ࡋ࠸⁐ᾮࡣ
ゅ⭷ୖ⓶യᐖࡢ⛬ᗘࡀྠ⛬ᗘ࡛࠶ࡗࡓ  (PVP-I 20 ಸᕼ㔘ᾮ vs PAI 4 ಸᕼ㔘
ᾮ (᭷ຠࣚ࢘⣲ 0.05%)ࠊPVP-I 30 ಸᕼ㔘ᾮ vs PAI 6 ಸᕼ㔘ᾮ  (᭷ຠࣚ࢘⣲
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0.033%)ࠊPVP-I 40 ಸᕼ㔘ᾮ vs PAI 8 ಸᕼ㔘ᾮ  (᭷ຠࣚ࢘⣲ 0.025%)) (Fig.  
4)ࠋࡇࡢࡇ࡜࠿ࡽ⣽⬊യᐖᛶࡣ୺࡟᭷ຠࣚ࢘⣲⃰ᗘ࡟౫Ꮡࡋ࡚࠸ࡿࡇ࡜ࡀ♧
၀ࡉࢀࡓࠋ  
ࡲࡓࠊ⮫ᗋ࡟࠾ࡅࡿᐇ㝿ࡢ౑⏝⃰ᗘ࡛࠶ࡿ PVP-I 16 ಸᕼ㔘ᾮ࠾ࡼࡧ PAI 6
ಸᕼ㔘ᾮࡢ⣽⬊യᐖࢆ┤᥋ẚ㍑ࡋࡓ  (Fig.  5)ࠋ୧⩌࡟࠾࠸࡚ࠊฎ⌮᫬㛫ࡢቑ
ຍ࡜࡜ࡶ࡟⣽⬊⏕Ꮡ⋡ࡢపୗࡀㄆࡵࡽࢀࡓࠋPVP-I 16 ಸᕼ㔘ᾮ࡟ẚ࡭ PAI 6
ಸᕼ㔘ᾮࡢ࡯࠺ࡀゅ⭷ୖ⓶⣽⬊യᐖࡀ㍍ᗘ࡛࠶ࡗࡓࡇ࡜ࡣࠊ᭷ຠࣚ࢘⣲⃰ᗘ
࡟⣽⬊യᐖᛶࡀ౫Ꮡࡋ࡚࠸ࡿࡇ࡜ࢆ♧၀ࡍࡿࠋ  
   
 
 
Fig.  5.  HCE-T cell  v iabil ity fo l lowing exposure to  PVP-I and PAI for 30,  60, 
120, and 300 sec . 
The mean and standard deviation of  v iable cel l numbers fo llowing treatment 
with 16-fold diluted PVP-I and 6-fo ld diluted PAI for 30–300 sec assessed in 
duplicate ( f ive  separate experiments)  using the CCK8 assay.  **:  P < 0.01 
versus saline (Dunnett’s  multiple  comparison ) 
  
16-fold diluted PVP-I
6-fold diluted PAI
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➨ 2 ⠇ ῧຍ≀ࡢ⣽⬊യᐖᛶホ౯  
 
ᮏ ⠇ ࡛ ࡣ ࠊ ῧ ຍ ≀ ࡢ ᙳ 㡪 ࢆ ᳨ ウ ࡍ ࡿ ┠ ⓗ ࡛ ࠊ ῧ ຍ ≀ ࢆ ྵ ᭷ ࡍ ࡿ
࣏ ࣅ ࢻ ࣥ ࣚ ࣮ ࢻ ( P V P - I )  ᾮ ࠊ ῧ ຍ ≀ ࢆ ྵ ᭷ ࡋ ࡞ ࠸ ࣏ ࣅ ࢻ ࣥ ࣚ ࣮ ࢻ
ཎ ᮎ  ( P V P - I - P )  ࢆ ⁐ ゎ ࡋ ࡓ ཎ ᮎ ᾮ ࠊࣚ ࢘ ⣲࣭࣏ ࣜ ࣅ ࢽ ࣝ ࢔ ࣝ ࢥ ࣮
ࣝ ᾮ  ( PA I )  ࡢ ⣽ ⬊ യ ᐖ ᛶ ࢆ ẚ ㍑ ᳨ ウ ࡋ ࡓ ࠋ  
 
 
 
Fig.  6.  HCE-T cell  v iabil ity fo l lowing exposure to  PVP-I and PAI and 
solutions with inactivated iodine after  achromatization with sodium 
thiosulfate. 
The mean and standard deviation of  v iable cel l numbers fo llowing treatment 
with various concentrations of  PVP-I , PVP-I-P,  and PAI,  as well as each 
solution achromatized in sodium thiosulfate  for  30 sec  assessed in duplicate  
(f ive separate experiments ) using the CCK8 assay.  **:  P < 0.01, *P < 0.05 
versus saline (Dunnett’s  multiple  comparison ) 
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ࢳ ࢜ ◲ 㓟 ࢼ ࢺ ࣜ ࢘ ࣒ ࡛ ྛ ᾮ ࡢ ࣚ ࢘ ⣲ ࢆ ኻ ά ࡉ ࡏ ࠊ ኻ ά ๓ ᚋ ࡢ ⁐
ᾮ ࡢ H C E - T ⣽ ⬊ ࡢ ⏕ Ꮡ ⋡ ࢆ ᳨ ウ ࡋ ࡓ ࠋࢳ࢜◲㓟ࢼࢺ࣒࡛ࣜ࢘ࣚ࢘⣲ࢆ
ኻάᚋࡣࠊPVP-IࠊPVP-I-PࠊPAI ࡜ࡶ࡟⣽⬊യᐖᛶࡀ⦆࿴ࡉࢀࡓࠋኻάᚋࡢ
PAI ࡢ⣽⬊⏕Ꮡ⋡ࡣ⏕⌮㣗ሷᾮ࡜ྠ⛬ᗘ࡛࠶ࡗࡓࡢ࡟ᑐࡋࠊ PVP-I ࡣ⃰ᗘ౫
Ꮡᛶ࡟⣽⬊യᐖࡀṧᏑࡋ࡚࠸ࡓ  (Fig.  6)ࠋኻά๓ࠊPVP-I-P ࡜ PVP-I ࡣ⣽⬊
യᐖᛶࡀྠ⛬ᗘ࡛࠶ࡗࡓࡀࠊኻάᚋࡣ PVP-I-P ࡢ⣽⬊യᐖᛶࡣᾘኻࡋࡓࡢ࡟
ᑐࡋࠊPVP-I ࡣ⃰ᗘ౫Ꮡᛶ࡟⣽⬊യᐖᛶࡀṧᏑࡋࡓ  (Fig.  6)ࠋࡇࢀࡽࡢࡇ࡜
࠿ࡽࠊPVP-I ࡢ⣽⬊യᐖᛶ࡟ࡘ࠸࡚ࡣῧຍ≀ࡢᙳ㡪ࡀ♧၀ࡉࢀࡓࠋ  
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➨ 3 ⠇ ࣐ࣛ࢘ࣟࢡࣟࢦ࣮ࣝࡢ⣽⬊യᐖᛶホ౯  
 
➨ 2 ⠇࡛ࡣࠊPVP-I ࡢ⣽⬊യᐖᛶ࡟ࡘ࠸࡚ῧຍ≀ࡢᙳ㡪ࡀ♧၀ࡉࢀࡓࠋࡇ
ࡢࡓࡵᮏ⠇࡛ࡣࠊPVP-I ࡟ྵ᭷ࡉࢀ࡚࠸ࡿῧຍ≀ࡢ࠺ࡕࠊⓎἻᛶࠊὙίᛶ➼
ࢆቑຍࡍࡿࡓࡵ࡟ῧຍࡉࢀ࡚࠸ࡿ⏺㠃άᛶ๣ࡢᙳ㡪ࢆㄪᰝࡋࡓࠋPVP-I ࡟ྵ
᭷ࡉࢀࡿ⏺㠃άᛶ๣࡛࠶ࡿ࣐ࣛ࢘ࣟࢡࣟࢦ࣮ࣝࡣࠊ1 mg/mL ௨ୖࡢ⃰ᗘ࡛ẘ
ᛶࡀㄆࡵࡽࢀࡓ  (p<0.01) (Fig. 7)ࠋPVP-I ࡟ྵ᭷ࡉࢀࡿ࣐ࣛ࢘ࣟࢡࣟࢦ࣮ࣝ
⃰ᗘࡣ㠀බ㛤࡛࠶ࡿࡀࠊ୍⯡ⓗ࡟ࡣ 5%⛬ᗘࡀ౑⏝ࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽࠊ
PVP-I ࡣࠊࣚ࢘⣲ࡔࡅ࡛࡞ࡃ⏺㠃άᛶ๣࣐ࣛ࢘ࣟࢡࣟࢦ࣮ࣝࡶ⣽⬊യᐖࡢཎ
ᅉ࡜࡞ࡗ࡚࠸ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡓࠋ  
 
 
Fig.  7.  HCE-T cell  v iabil ity fo l lowing exposure to  Lauromacrogol for  30sec. 
The mean and standard deviation of  v iable cel l numbers fo llowing treatment 
with various concentrations of  Lauromacrogol for 30 sec assessed in 
duplicate ( f ive  separate experiments)  using the CCK8 assay.  **:  P < 0.01 
versus saline (Dunnett’s  multiple  comparison) 
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➨ 4 ⠇  pH ࡢ⣽⬊യᐖᛶ࡬ࡢᙳ㡪  
 
ᮏ⠇࡛ࡣྛᾮࡢ୺ᡂศ࠾ࡼࡧῧຍ≀௨እ࡟⣽⬊⏕Ꮡ⋡࡬ᙳ㡪ࡍࡿ࡜ண ࡉ
ࢀࡿᅉᏊ࡜ࡋ࡚ pH ࡢ⣽⬊യᐖᛶࢆ᳨ウࡋࡓࠋ⏕⌮㣗ሷᾮฎ⌮ᚋ࡟ẚ࡭࡚ pH 
6 ௨ୗ࡛ࡣ᭷ព࡟ HCE-T ⣽⬊ࡢ⣽⬊⏕Ꮡ⋡ࡣపୗࡋࡓ (Fig.  8)ࠋPVP-I 16 ಸ
ᕼ㔘ᾮࡢ pH ࡣ 4.0ࠊPAI 6 ಸᕼ㔘ᾮࡢ pH ࡣ 5.2 ࡛࠶ࡾࠊ⣽⬊യᐖࡀㄆࡵࡽ
ࢀࡿ pH ್࡛࠶ࡿࡇ࡜࠿ࡽྛᾘẘ๣ࡢ pH ࡶ⣽⬊യᐖᛶ࡟㛵୚ࡍࡿྍ⬟ᛶࡀ
♧၀ࡉࢀࡓࠋ  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  8.  Effect of  pH on HCE-T Cells .  
 The mean and standard deviation of v iable cell  numbers fo l lowing 30 sec 
exposure to  a pH range of  1 to  7 assessed in duplicate (f ive  separate 
experiments) using the CCK8 assay. ** : P < 0.01, *P < 0.05 versus saline 
(Dunnett’s multiple  comparison)  
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➨ 5 ⠇  ᾐ㏱ᅽࡢ⣽⬊യᐖᛶ࡬ࡢᙳ㡪  
 
ᮏ⠇࡛ࡣࢫࢡ࣮ࣟࢫ࡛ㄪ〇ࡋࡓ 0㸫 300 mOsm/kg ࡢྛᾐ㏱ᅽᾮࢆ⏝࠸࡚ࠊ
ᾐ㏱ᅽ࡟ࡼࡿ HCE-T ⣽⬊ࡢ⣽⬊യᐖᛶࢆ᳨ウࡋࡓࠋ⏕⌮㣗ሷᾮ㸦 300
mOsm/kg㸧࡟ẚ࡭࡚ࠊ0ࠊ50ࠊ100 mOsm/kg ࡢྛᾐ㏱ᅽᾮฎ⌮ᚋࡢ⣽⬊⏕Ꮡ
⋡ࡣࠊ᭷ព࡟పୗࡋࡓ  (p<0.01) (Fig.  9)ࠋ  
16 ಸ PVP-I ᕼ㔘ᾮ࠾ࡼࡧ 6 ಸ PAI ᕼ㔘ᾮࢆὀᑕ⏝Ỉ࡛ㄪ〇ࡋࡓሙྜࡢྛ
ᕼ㔘⏝ᾮࡢᾐ㏱ᅽࡣࠊ 13 mOsm/kg ࠾ࡼࡧ 7 mOsm/kg ࡛࠶ࡗࡓࠋ୍᪉ࠊ⏕
⌮㣗ሷᾮ࡛ㄪ〇ࡋࡓሙྜࡢྛᕼ㔘⏝ᾮࡢᾐ㏱ᅽࡣࠊ278 mOsm/kg ࠾ࡼࡧ 240 
mOsm/kg ࡛࠶ࡾゅ⭷ୖ⓶⣽⬊࡟࡜ࡗ࡚ᙳ㡪ࡋ࡞࠸⠊ᅖෆ࡟࠶ࡿࡇ࡜࠿ࡽࠊ
୧๣࡜ࡶ⏕⌮㣗ሷᾮ࡛ᕼ㔘ࡋࡓሙྜࡢᾐ㏱ᅽࡀ⣽⬊യᐖᛶ࡟୚࠼ࡿᙳ㡪ࡣప
࠸࡜⪃࠼ࡽࢀࡓࠋ  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  9.  Effect of  osmotic pressure on HCE-T Cells .  
 The mean and standard deviation of v iable cell  numbers fo l lowing 30 sec 
exposure to  0,  50,  100, 200, 300 mOsm/kg solutions assessed (f ive separate 
experiments) using the CCK8 assay. ** :  P < 0.01 versus saline (Dunnett ’s 
multiple comparison)   
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➨ 6 ⠇ ᑠᣓ  
 
HCE-T ⣽⬊ࢆ⏝࠸ࡓゅ⭷യᐖホ౯ᐇ㦂ࡣࠊಶయᕪࡸ║⾲㠃ࡢ≧ែࡢせᅉࢆ
ࡍ࡭࡚ྠ୍᮲௳ࡢ≧ែ࡛ホ౯ࡍࡿࡇ࡜ࡀྍ⬟࡞ࡓࡵࠊ⸆๣⮬㌟ࡀ᭷ࡍࡿゅ⭷
ୖ⓶⣽⬊യᐖᛶࢆ᳨ウࡍࡿࡢ࡟㐺ࡋ࡚࠸ࡿࠋᮏ◊✲࡛ࡣࠊࡇࡢ HCE-T ⣽⬊
ࢆ⏝࠸ࠊ⌧ᅾ⮫ᗋ⌧ሙ࡛ከ⏝ࡉࢀ࡚࠸ࡿ PVP-I ࡜ PAI ࡢ in vitro ゅ⭷ୖ⓶
⣽⬊യᐖᛶホ౯ࢆ⾜ࡗࡓࠋ  
In vivo࡛ࡣࠊⅬ║⸆ࡣⅬ║ᚋᾦᾮ࡟ࡼࡾᕼ㔘ࡉࢀࠊࡑࡢᚋᾦⅬ࠿ࡽ㰯ᾦ⟶
ࢆ⤒࡚㰯࡟ὶࢀࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ 43 )ࠋ⤖⭷ᄞෆࡢᾦᾮ㔞ࡣ⣙ 7 μL࡛㏻ᖖ
1.2 μL/minࡢ๭ྜ࡛ᾦᾮࡀ⏘⏕ࡉࢀࠊ⤖⭷ᄞࡢᾦᾮࡣ 5 ศ࡛᏶඲࡟⨨ࡁ᥮ࢃ
ࡿ 4 4 )ࠋࡇࡢࡼ࠺࡟ in vivo࡛ࡣ⸆๣ࡀ㛗᫬㛫ゅ⭷࡟⁫␃ࡋ࡞࠸ࡇ࡜࠿ࡽࠊᮏᐇ
㦂ࡢࡼ࠺࡞ in vitroᐇ㦂⣔࡛ࡣ⮫ᗋࡼࡾࡶ▷᫬㛫࡛ᙉ࠸യᐖᛶࡀㄆࡵࡽࢀࡿࠋ
ࡋࡓࡀࡗ࡚ࠊゅ⭷ୖ⓶⣽⬊യᐖᛶホ౯ࢆ⾜࠺ୖ࡛ࠊᾘẘ⸆ฎ⌮᫬㛫ࡢタᐃࡣ
㔜せ࡛࠶ࡿࠋ⮫ᗋ࡛ࡢ⾡๓ᾘẘࡣ 3㸫 5 ศ⛬ᗘ࡛࠶ࡿࡀࠊ in vitro ᐇ㦂⣔࡛
ࡣࡑࢀࡼࡾ▷᫬㛫࡛ࡢ᫬㛫タᐃࡢᚲせࡀ࠶ࡿࠋᐇ㝿࡟ PVP-I࡜PAIࡢῧ௜ᩥ᭩
ࡢ in vitroᐇ㦂⣔࡛ࡣࠊ࡯࡜ࢇ࡝ࡢ⣽⳦࡟ࡘ࠸࡚᭱ᑠẅ⳦᫬㛫 30 ⛊࡜タᐃࡋ
࡚࠸ࡿⅬࢆཧ⪃࡟ࡋࠊᮏ◊✲࡛ࡣᾘẘ᫬㛫 30 ⛊࡜ࡋ࡚ᐇ㦂ࢆ⾜࠸ࠊᾘẘ๣
⮬㌟ࡢゅ⭷ୖ⓶⣽⬊࡬ࡢയᐖᛶホ౯ࢆ⾜ࡗࡓࠋ  
᪥ᮏ║ឤᰁ⑕Ꮫ఍ࡣࠊ඲ᅜ 12 ᪋タࡢ⾡๓ῶ⳦ἲከ᪋タඹྠ◊✲࡛ PVP-I
࡜ PAI ࡟ࡼࡿᾘẘຠᯝࡢẚ㍑ࢆ⾜࠸ࠊPVP-I 16 ಸᕼ㔘ᾮ  (0.625 mg/mL) ࡜
PAI 6 ಸᕼ㔘ᾮ  (0.33 mg/mL) ࡢᾘẘຠᯝࡣྠ➼࡜⤖ㄽ௜ࡅࡓࠋࡇࢀࡣࠊ
PVP-I ⩌࡜ PAI ⩌ࡢὙ║┤ᚋࠊᡭ⾡⤊஢᫬ࡢ⤖⭷ࡠࡄ࠸ᾮ࠾ࡼࡧᡭ⾡┤ᚋࡢ
๓ᡣỈ࠿ࡽࡢ⳦᳨ฟ⋡࡟᭷ពᕪࡀ࡞࠿ࡗࡓࡇ࡜࡟ᇶ࡙࠸࡚࠸ࡿ 3 9 )୍ࠋ ᪉࡛୧
๣ࡢゅ⭷ୖ⓶യᐖ࡟ࡘ࠸࡚ࡢẚ㍑◊✲ࡣሗ࿌ࡉࢀ࡚࠸࡞࠿ࡗࡓࠋ  
ᮏ◊✲⤖ᯝ࠿ࡽࠊPAI ࡣゅ⭷ୖ⓶യᐖ࡟⃰ᗘ౫ᏑᛶࡀㄆࡵࡽࢀࡓࡀࠊPAI 4ࠊ
6 ࠾ࡼࡧ 8 ಸ࠸ࡎࢀࡢᕼ㔘ᾮ࡟࠾࠸࡚ࡶࠊPVP-I 16 ಸᕼ㔘࡟ẚ࡭ゅ⭷ୖ⓶യ
ᐖࡣప࠿ࡗࡓࠋࡲࡓࠊPAI 6 ಸᕼ㔘࡜ PVP-I 16 ಸᕼ㔘ᾮࡣᾘẘຠᯝࡀྠ➼࡜
ࡉࢀ࡚࠸ࡿࡀࠊࡑࡢゅ⭷ୖ⓶യᐖస⏝ࡣࠊ PAI 6 ಸᕼ㔘ᾮࡢ࡯࠺ࡀ᭷ព࡟ప
࠸ࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓࠋ  
ࡉࡽ࡟ PVP-I࡜ PAIࡢ࠺ࡕࠊ᭷ຠࣚ࢘⣲⃰ᗘࡀ➼ࡋ࠸⁐ᾮࢆẚ㍑ࡋࡓ࡜ࡁࠊ
PAI ࡢゅ⭷ୖ⓶യᐖᛶࡀప࠸ഴྥࡀࡳࡽࢀࡓࡀࠊ᭷ពᕪࡀ࡞࠿ࡗࡓࡇ࡜࠿ࡽ
୧๣ࡢゅ⭷ୖ⓶യᐖࡢ⛬ᗘࡣࠊ୺࡟᭷ຠࣚ࢘⣲⃰ᗘ࡟౫Ꮡࡋ࡚࠸ࡿ࡜ᛮࢃࢀ
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ࡓࠋ୍᪉ࠊPVP-I ࡢ⣽⬊ẘᛶࡢ୍㒊ࡣ⏺㠃άᛶ๣࡟㉳ᅉࡍࡿ࡜ࡢሗ࿌ࡶ࠶ࡿ
4 5 )ࠋࡑࡇ࡛ࣚ࢘⣲ࡢẅ⳦㓟໬ຊࢆࢳ࢜◲㓟ࢼࢺ࣒࡛ࣜ࢘ኻάࡉࡏ᳨ウࢆ⾜ࡗ
ࡓࠋࢳ࢜◲㓟ࢼࢺ࣒ࣜ࢘ฎ⌮ᚋࡢ⣽⬊࡟ᑐࡍࡿᙳ㡪ࡣࠊPAI ࡜ PVP-I-P ࡢ⣽
⬊⏕Ꮡ⋡ࡣࡍ࡭࡚ࡢᕼ㔘⃰ᗘ࡟࠾࠸࡚⏕⌮㣗ሷᾮ࡜ྠ⛬ᗘࡲ࡛ẘᛶࡀ⦆࿴ࡉ
ࢀࡓࡢ࡟ᑐࡋࠊPVP-I ࡣẘᛶࡢ⦆࿴ࡣ࠶ࡿࡶࡢࡢࠊ〇๣⃰ᗘ࡟ẚ౛ࡋ࡚౫↛
࡜ࡋ࡚⃰ᗘ౫Ꮡᛶ࡟⣽⬊യᐖᛶࡀㄆࡵࡽࢀࡓࠋࡇࡢ⤖ᯝ࠿ࡽࠊ PVP-I ࡢ⣽⬊
യᐖᛶ࡟ࡣࠊῧຍ≀࡜ࡋ࡚ྵࡲࢀ࡚࠸ࡿ⏺㠃άᛶ๣➼ࡀᙳ㡪ࡋ࡚࠸ࡿྍ⬟ᛶ
ࡀ࠶ࡿ 45 )ࠋࡇࡢࡓࡵࠊPVP-I ࡟ྵ᭷ࡉࢀࡿ⏺㠃άᛶ๣࡛࠶ࡿ࣐ࣛ࢘ࣟࢡࣟࢦ
࣮ࣝࡢ⣽⬊യᐖᛶࢆホ౯ࡋࡓࠋ⏺㠃άᛶ๣ࡢ୍⯡ⓗ࡞ᒁᡤ่⃭స⏝ࡣࠊ㝧࢖
࢜ࣥᛶ㸼㝜࢖࢜ࣥᛶ㸼㠀࢖࢜ࣥᛶࡢ㡰࡟పୗࡍࡿ࡜ࡉࢀ 4 6 )ࠊ㠀࢖࢜ࣥ⏺㠃ά
ᛶ๣࡛࠶ࡿ࣐ࣛ࢘ࣟࢡࣟࢦ࣮ࣝࡣᒁᡤ่⃭స⏝ࡀప࠸ࠋࡋ࠿ࡋ⃰ᗘࡢୖ᪼࡟
క࠸ࠊ⣽⬊⏕Ꮡ⋡ࡣపୗࡋ࡚࠾ࡾ 1 mg/mL ࡢ⃰ᗘ࡟࠾࠸࡚ࡶẘᛶࡀㄆࡵࡽ
ࢀࡓࠋPVP-I ୰ࡢ࣐ࣛ࢘ࣟࢡࣟࢦ࣮ࣝࡢ⃰ᗘࡣබ⾲ࡉࢀ࡚࠾ࡽࡎ୙࡛᫂࠶ࡿ
ࡀࠊྵ᭷㔞ࡀ 1 mg/mL ௨ୖࡢሙྜࡣゅ⭷യᐖࢆ㉳ࡇࡍྍ⬟ᛶࡀ࠶ࡿࠋ  
⏺㠃άᛶ๣➼ࡢῧຍ≀࡟ࡼࡿ⣽⬊യᐖࡀ࠶ࡿ࡜ࡍࡿ࡜ࠊࣚ࢘⣲ኻά๓ࡣࠊ
PVP-I-P ࡟ẚ࡭ PVP-I ࡢ⣽⬊യᐖࡣᙉ࠸ࡣࡎ࡛࠶ࡿࡀࠊᐇ㝿࡟ࡣྠ⛬ᗘ࡛࠶
ࡗࡓࠋࡇࢀ࡟ࡘ࠸࡚ࡣࠊPVP-I-P ᕼ㔘ᾮ  (pH 1.5㸫 3.5) ࡜ PVP-I ᕼ㔘ᾮ  (pH 
3.0㸫 5.5) ࡢ pH ࡢ㐪࠸ࡢᙳ㡪ࡀ⪃࠼ࡽࢀࡿࠋゅ⭷ෆ⓶⣽⬊ࡀ⏕Ꮡྍ⬟࡞ pH
ࡣࠊ 6.5㸫 8.5 4 7 )ࠊᾐ㏱ᅽࡣ 200㸫 400 mOsm/kg 4 3 )࡜࠸ࢃࢀ࡚࠸ࡿࠋᮏ◊✲
ࡢ⤖ᯝࡼࡾゅ⭷ୖ⓶⣽⬊ࡢᇵ㣴࡟࠾ࡅࡿ⮳㐺 pH ࠾ࡼࡧᾐ㏱ᅽࡣࠊゅ⭷ෆ⓶
⣽⬊࡛ሗ࿌ࡉࢀ࡚࠸ࡿ⮳㐺 pH ࠾ࡼࡧᾐ㏱ᅽ࡜࡯ࡰྠࡌ࡛࠶ࡗࡓࠋ⏕⌮㣗ሷ
ᾮ࡛ᕼ㔘ࡋࡓሙྜࡢྛᕼ㔘⏝ᾮࡢᾐ㏱ᅽࡣࠊ 220㸫 278 mOsm/kg ࡛࠶ࡾࠊゅ
⭷ୖ⓶⣽⬊࡟࡜ࡗ࡚㐺ษ࡞⠊ᅖ࡟࠶ࡿࡇ࡜࠿ࡽࠊ⏕⌮㣗ሷᾮ࡛ᕼ㔘ࡋࡓሙྜ
ࡢᾘẘ๣ᕼ㔘⃰ᗘࡢ㐪࠸࡟ࡼࡿᾐ㏱ᅽࡢᕪࡀ⣽⬊യᐖᛶ࡟୚࠼ࡿᙳ㡪ࡣప࠸
࡜⪃࠼ࡽࢀࡓࠋࡋ࠿ࡋࠊὀᑕ⏝Ỉ࡛ᕼ㔘ࡋࡓሙྜࡢᾐ㏱ᅽࡣ 4㸫 101 mOsm/kg
࡛ࠊ⏕㣗ᕼ㔘ᾮ࡜ẚ࡭࡚ᴟ➃࡟ప࠸ࠋࡇࡢࡓࡵゅ⭷ෆ⓶⣽⬊ࡀയᐖࡉࢀࣂࣜ
࢔ᶵ⬟ࡢ㞀ᐖࡀ࠾ࡇࡿྍ⬟ᛶࡣྰᐃ࡛ࡁ࡞࠸ࠋ PAI ࡢῧ௜ᩥ᭩࡟ࡣࠊ⏕⌮㣗
ሷᾮ࠿⢭〇Ỉ࡛ᕼ㔘ࡍࡿࡼ࠺࡟グ㍕ࡀ࠶ࡿࡀࠊ║࡟౑⏝ࡍࡿᾘẘ๣ࡢᕼ㔘ᾮ
࡜ࡋ࡚ࡣᾐ㏱ᅽ࡟ࡼࡿ⣽⬊യᐖࢆ⪃៖ࡋ࡚ࠊ⏕⌮㣗ሷᾮࢆ౑⏝ࡍࡿࡢࡀࡼࡾ
㐺ษ࡜⪃࠼ࡽࢀࡓࠋ  
ᮏ◊✲⤖ᯝࡼࡾࠊ║࡟㐺ᛂࡢ࠶ࡿ PAI 4㸫 8 ಸᕼ㔘ᾮ࡜ỗ⏝ࡉࢀ࡚࠸ࡿ
PVP-I 16 ಸᕼ㔘ᾮࡢゅ⭷ୖ⓶യᐖࡢ⛬ᗘ࡟ࡣᕪࡀ࠶ࡾࠊ㐺ᛂࡢ࠶ࡿ PAI ࡢ
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᪉ࡀࡼࡾᏳ඲࡟⾡๓ᾘẘ࡟౑⏝࡛ࡁࡿ࡜ᛮࢃࢀࡓࠋࡲࡓࠊ⡿ᅜ࡛ᐇ᪋ࡉࢀ࡚
࠸ࡿ PVP-I 2 ಸᕼ㔘ᾮ࡟ࡼࡿⅬ║࡟ẚ࡭ࠊᮏ㑥࡟࠾ࡅࡿ PVP-I 16 ಸᕼ㔘ᾮ
࡟ࡼࡿ 3㸫 5 ศὙ║ࡣࠊᾘẘ⸆ࡢ᥋ゐ᫬㛫ࡀ㛗ࡃ⣽⬊യᐖࡢࣜࢫࢡ࡜࡞ࡿ୍
᪉ࠊప⃰ᗘ࡛࠶ࡾയᐖࡀ㍍ῶࡉࢀ࡚࠸ࡿ࡜ᛮࢃࢀࡿࠋ  
⾡ᚋࠊ║ࡢ୙ᐃឋッࡢཎᅉ࡜࡞ࡿ⾡୰ࡢゅ⭷ୖ⓶യᐖࡣࠊ㛤║ಖᣢࠊ㢧ᚤ
㙾ࡢᙉ࠸ග࡟ࡼࡿゅ⭷஝⇱ࠊゅ⭷▱ぬ⚄⤒ษ᩿ࠊჾල࡟ࡼࡿᶵᲔⓗയᐖ➼」
ᩘࡢせᅉࡀཎᅉ࡜࡞ࡾࠊ⾡ᚋᩘࣨ᭶ࡣࢻࣛ࢖࢔࢖࣐ࢿ࣮ࢪ࣓ࣥࢺࡀ㔜せ࡜ࡉ
ࢀ࡚࠸ࡿࠋᾘẘ๣࡟ࡼࡿゅ⭷ୖ⓶⣽⬊യᐖࡣࠊࡇࡢࡼ࠺࡞⾡୰᧯స࡟㏣ຍࡋ
࡚ୖ⓶ࡢࣂࣜ࢔ᶵ⬟⥔ᣢ࡟ᝏᙳ㡪ࢆ୚࠼⾡ᚋឤᰁࡢࣜࢫࢡ࡜࡞ࡿ࠺࠼ࠊ᪩ᮇ
ࡢᅇ᚟ࢆጉࡆࡿᠱᛕࡀ࠶ࡿࡇ࡜࠿ࡽࠊྍ⬟࡞㝈ࡾയᐖᛶࡢᑡ࡞࠸ᾘẘ๣ࢆ㑅
ᢥࡍࡿࡇ࡜ࡀồࡵࡽࢀࡿࠋ  
ᐇ㝿࡟ࡣࠊPVP-I ࢆ║⛉ᡭ⾡๓ᾘẘ࡟౑⏝ࡋ࡚ࡶゅ⭷ෆ⓶⣽⬊ᩘࡸゅ⭷ཌ
࡟᭷ព࡞ኚ໬ࡣࡳࡽࢀ࡞࠸࡜࠸࠺ሗ࿌ 48 )ࡀ࠶ࡿ࡯࠿ࠊࡇࢀࡲ࡛࡟⵳✚ࡉࢀࡓ
⑕౛ᐇ⦼࡟ᇶ࡙ࡃ㧗࠸Ᏻ඲ᛶ࠾ࡼࡧ⾡ᚋ║ෆ⅖ண㜵ࡢᅜ㝿ⓗᶆ‽⸆࡛࠶ࡿࡇ
࡜࡞࡝࠿ࡽ⌧ᅾࡶ PVP-I ࢆ౑⏝ࡋ࡚࠸ࡿ᪋タࡶከࡃ࠶ࡿࡢࡀ⌧≧࡛࠶ࡿࠋ௒
ᚋࡉࡽ࡟⣽⬊യᐖᛶࢆᑡ࡞ࡃࡍࡿࡓࡵࡢ㐺ṇ⃰ᗘࢆ᳨ウࡋࠊࡼࡾᏳ඲࡞౑⏝
ἲࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࡀᚲせ࡛࠶ࡿࠋࡉࡽ࡟ࠊ୧๣࡜ࡶ⣽⬊യᐖస⏝ࢆ᭷ࡍ
ࡿࡇ࡜࠿ࡽࠊᾘẘ⤊஢ᚋࡣ║ෆࡢᾘẘ๣ࢆ⏕⌮㣗ሷᾮ࡛Ὑ࠸ὶࡍࡇ࡜࡟ࡼࡾ
⣽⬊യᐖࢆ᭱ᑠ㝈࡟ᢚ࠼ࡿ㓄៖ࡀᚲせ࡛࠶ࡿ࡜⪃࠼ࡿࠋ  
 
  
- 26 - 
➨Ϫ❶  
║⛉ᡭ⾡⏝℺ὶᾮ࡟ῧຍࡍࡿ࢔ࢻࣞࢼࣜࣥࡢᏳᐃᛶヨ㦂  
 
㉸㡢Ἴங໬྾ᘬ⾡  (phacoemulsification and aspiration:  PEA) ࡸⓑෆ㞀
ᄞእ᦬ฟ⾡  (extracapsular cataract extraction:  ECCE) ࡛ࡣࠊᡭ⾡ࢆᏳ඲
࡟⾜࠺ࡓࡵ࡟⾡୰▖Ꮝࢆ༑ศ࡟ᩓ▖ࡉࡏ࡚࠾ࡃࡇ࡜ࡀ㔜せ࡛࠶ࡿࡀ 49 )ࠊⴭ᫂
࡞⦰▖཯ᛂࡢࡓࡵᅔ㞴࡞ᡭ⾡ᡭᢏࢆవᢏ࡞ࡃࡉࢀࡿࡇ࡜ࡶᑡ࡞ࡃ࡞࠸ࠋࡑࡢ
ࡓࡵ⾡୰ࡢ⦰▖཯ᛂࢆᢚไࡍࡿ┠ⓗ࡛ࠊ⾡๓࡟ᩓ▖⸆ࡸࣉࣟࢫࢱࢢࣛࣥࢪࣥ
ྜᡂ㜼ᐖ⸆ࢆ㢖ᅇ࡟Ⅼ║ࡍࡿࡇ࡜ࡀ⾜ࢃࢀ࡚࠸ࡿࠋࡋ࠿ࡋ⾡๓࡟ᢞ୚ࡉࢀࡓ
⸆≀ࡣࠊ⾡୰࡟౑⏝ࡉࢀࡿ║℺ὶᾮ࡟ࡼࡗ࡚స⏝㒊఩࡛࠶ࡿ▖Ꮝᣓ⣙➽࠶ࡿ
࠸ࡣ▖Ꮝᩓ኱➽࠿ࡽ wash out ࡉࢀࡿࡇ࡜ࡀᣦ᦬ࡉࢀ࡚࠸ࡿ 50 )ࠋࡑࡢⅬࠊᩓ
▖⸆ࢆྵࡴ℺ὶᾮࢆ⏝࠸ࡓሙྜ࡟ࡣᣢ⥆ⓗ࡞ᩓ▖ࡀᮇᚅࡉࢀࠊᐇ㝿࡟࢔ࢻࣞ
ࢼࣜࣥῧຍ℺ὶᾮࢆ౑⏝ࡋࡓ⩌࡛ࡣ℺ὶ୰ࡶ⦰▖⋡ࡢୖ᪼ࡣㄆࡵࡽࢀ࡞࠿ࡗ
ࡓ࡜ࡢሗ࿌ࡀ࠶ࡿ 51 )ࠋࡇࢀࡽࡢ⤖ᯝࡣ║℺ὶᾮ࡬ࡢ࢔ࢻࣞࢼࣜࣥῧຍࡀ⾡୰
ࡢᩓ▖ࢆ⥔ᣢࡍࡿୖ࡛ຠᯝⓗ࡛࠶ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋࡇࢀࡽࡢሗ࿌ࢆࡶ࡜
࡟ࠊ⌧ᅾ࡛ࡣ⾡୰ࡢ⦰▖ࢆண㜵ࡍࡿࡓࡵࠊ⾡୰౑⏝ࡍࡿ║℺ὶᾮ࡟࢔ࢻࣞࢼ
ࣜࣥࢆῧຍࡍࡿࡇ࡜࡟ࡼࡾࠊᩓ▖ࢆ⥔ᣢࡍࡿ᪉ἲࡀᗈࡃ⾜ࢃࢀ࡚࠸ࡿ 5 2 - 5 4 )ࠋ 
║℺ὶᾮࡢ⤌ᡂࡣࣄࢺࡢᡣỈ࡟㏆࠸ᡂศ࡛࠶ࡾࠊ᭷ຠᡂศ࡜ࡋ࡚║ࡢ⤌⧊
ࢆಖㆤࡍࡿ࢜࢟ࢩࢢࣝࢱࢳ࢜ࣥࡀྵࡲࢀ࡚࠸ࡿࠋ⮫ᗋ౑⏝࡛ࡣ౑⏝┤๓࡟࢜
࢟ࢩࢢࣝࢱࢳ࢜ࣥ⁐ᾮࢆᕼ㔘ᾮ࡛ᕼ㔘ࡋ࡚౑⏝ࡍࡿࡢࡀཎ๎࡛࠶ࡿࡀࠊᡭ⾡
ࡢ㐍⾜≧ἣࡸᝈ⪅≧ែ࡟ࡼࡾࠊᕼ㔘ᚋࡍࡄ࡟౑⏝࡛ࡁ࡞࠸ࢣ࣮ࢫࡶከ࠸ࠋࡉ
ࡽ࡟࢔ࢻࣞࢼࣜࣥࢆῧຍࡍࡿሙྜࠊ࢔ࢻࣞࢼࣜࣥࡣ pH ࡢኚື➼࡟ࡼࡾ୙Ᏻ
ᐃ࡜࡞ࡾࡸࡍ࠸ࡓࡵᕼ㔘ᚋࡢᏳᐃᛶ࡟␲ၥࡀ࠶ࡿࠋࡲࡓࡇࡢ౑⏝ἲࡣᮏ㑥࡟
࠾࠸࡚ࡣ㐺ᛂእ౑⏝࡛࠶ࡾࠊᏳᐃᛶࡸΰྜᚋࡢ౑⏝ᮇ㝈࡟ᑐࡋྛ᪋タ࡛ᐇ㝿
࡟Ᏻᐃᛶヨ㦂ࢆ⾜࠺࡞࡝ࠊࡑࡢయไࢆᩚഛࡍࡿࡢࡣᅔ㞴࡛࠶ࡿࡢࡀᐇ᝟࡛࠶
ࡿࠋࡑࡢࡓࡵࠊ௒ᅇྛ᪋タ࡛ࡢ⮬୺⟶⌮᥎㐍ࡢࡓࡵࡢᇶ♏ࢹ࣮ࢱ࠾ࡼࡧᣦ㔪
ࢆᥦ౪ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋ࡚Ᏻᐃᛶヨ㦂ࢆᐇ᪋ࡋࡓࠋ  
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➨ 1 ⠇ ║℺ὶᾮ୰ࡢ࢔ࢻࣞࢼࣜࣥྵ㔞᥎⛣  
 
ᮏ⠇࡛ࡣ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮ࡟࠾ࡅࡿ࢔ࢻࣞࢼࣜࣥᏳᐃᛶヨ㦂ࢆ⾜
ࡗࡓࠋ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮ  (1 ug /mL) ࢆ pH 7.2ࠊ 7.5ࠊ 8.0 ࡟ㄪ〇ᚋ
24 ᫬㛫ࡲ࡛ࡢ pH ࡟᭷ព࡞ኚ໬ࡣࡳࡽࢀ࡞࠿ࡗࡓࠋྛ〇๣ࡢ⤒᫬ⓗ࢔ࢻࣞࢼ
ࣜࣥྵ㔞ࡢ᥎⛣ࢆ Fig.  10 ࡟♧ࡍࠋ║℺ὶᾮ࡟ῧຍ 24 ᫬㛫ᚋࡢ࢔ࢻࣞࢼࣜࣥ
ṧᏑ⋡ࡣࡑࢀࡒࢀ 66.8 (pH 7.2)ࠊ 64.1 (pH 7.5)ࠊ 35.4% (pH 8.0) ࡛࠶ࡾࠊ
pH ࡀ㧗࠸࡯࡝࢔ࢻࣞࢼࣜࣥṧᏑ⋡ࡀపୗࡍࡿഴྥ࡟࠶ࡗࡓࠋῧ௜ᩥ᭩࡛ᣦ
♧ࡉࢀ࡚࠸ࡿ║℺ὶᾮࡢ౑⏝ᮇ㝈࡛࠶ࡿᕼ㔘ΰྜ 6 ᫬㛫ᚋ࡟ࡣࠊpH 7.2ࠊ7.5
ࡢ║℺ὶᾮࡢ࢔ࢻࣞࢼࣜࣥࡣࡑࢀࡒࢀ 90.6ࠊ91.1%࡜࠸ࡎࢀࡶ 90%௨ୖྵ㔞
ࡀಖࡓࢀ࡚࠸ࡓࡀࠊpH 8.0 ࡛ࡣㄪ〇┤ᚋ࠿ࡽ㢧ⴭ࡟ྵ㔞పୗࡀࡳࡽࢀࠊ 6 ᫬
㛫ᚋ࡟ࡣ࢔ࢻࣞࢼࣜࣥྵ㔞ࡀ 65.2%ࡲ࡛పୗࡋࡓࠋ24 ᫬㛫ᚋ࡟ 35.4%ࡲ࡛ప
ୗࡋࡓ㝿࡟ࡣእほୖࡶ↓Ⰽ㏱᫂࠿ࡽῐ⣚Ⰽ࡬ኚ໬ࡀㄆࡵࡽࢀࡓࠋpH 7.2 ࠾ࡼ
ࡧ 7.5 ࡢ║℺ὶᾮࡣ࠸ࡎࢀࡶ↓Ⰽ㏱࡛᫂ࠊヨ㦂ᮇ㛫୰࡟እほୖࡢኚ໬ࡣㄆࡵ
ࡽࢀ࡞࠿ࡗࡓࠋ   
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㸨  
 
 
 
Fig.  10.  Stabil ity of  adrenaline in irrigating solution.  
Irrigating solutions at pH 7.2 (-ە - ) ,  pH 7.5 (-ڹ - ) ,  and pH 8.0 (-ڸ - )  
containing adrenaline (1 μg/mL),  or adrenaline injectable  solution (1 mg/mL, 
pH 2.3㸫 5.0)  as a control  were incubated at room temperature for 24 h.  Each 
value was expressed as mean±SD of  three replicates:  *p<0.01 compared with 
initial  amount.  
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➨ 2 ⠇ ள◲㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘ࡀ࢔ࢻࣞࢼࣜࣥࡢᏳᐃᛶ࡟ཬࡰࡍᙳ㡪  
 
ᮏ⠇࡛ࡣࠊᢠ㓟໬๣࡜ࡋ࡚࢔ࢻࣞࢼࣜࣥὀᑕᾮ࡟ῧຍࡉࢀ࡚࠸ࡿள◲㓟Ỉ
⣲ࢼࢺ࣒ࣜ࢘ࡢᕼ㔘ࡀ࢔ࢻࣞࢼࣜࣥࡢᏳᐃᛶ࡟୚࠼ࡿᙳ㡪ࢆ᳨ウࡋࡓࠋள◲
㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘ࡀ 0.5 (⮫ᗋ࡛ỗ⏝ࡉࢀ࡚࠸ࡿ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮ
୰ࡢ⃰ᗘ )ࠊ 5ࠊ 50 ࠾ࡼࡧ 500 μg/mL (࢔ࢻࣞࢼࣜࣥὀ 0.1㸣࡟ῧຍࡉࢀ࡚࠸
ࡿள◲㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘࡜ྠࡌ⃰ᗘ )  ࡢ⃰ᗘ࡟࡞ࡿࡼ࠺࡟ΰྜࡋࡓ࢔ࢻࣞࢼ
ࣜࣥῧຍ║℺ὶᾮࢆ pH 8.0 ࡟ㄪ〇ࡋࡓࠋㄪ〇 6 ᫬㛫ᚋࡢ࢔ࢻࣞࢼࣜࣥྵ㔞
ࡣࡑࢀࡒࢀ 57.5ࠊ 57.9ࠊ 61.2ࠊ 97.3%࡛࠶ࡗࡓ  (Fig. 11)ࠋ  
 
 
Fig.  11.  Effect of  sodium bisulfite  on the stability  of  adrenaline.  
Adrenaline (1 μg/mL) in irrigating solution at pH 8.0 containing various 
concentrations of  sodium bisulfite:  0.5,  5,  50 and 500 μg/mL were incubated 
at room temperature for 6 hours. *p<0.01 
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➨ 3 ⠇ ᑠᣓ  
 
࢔ࢻࣞࢼࣜࣥὀᑕᾮࡣࠊᢠ㓟໬๣࡛࠶ࡿள◲㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘࡜ࠊಖᏑ๣
࡛࠶ࡿࢡࣟࣟࣈࢱࣀ࣮ࣝࢆྵࡴࠋࡇࢀࡽࡣ࠸ࡎࢀࡶ⥙⭷ࡸゅ⭷ෆ⓶⣽⬊ࢆയ
ᐖࡍࡿࡓࡵࠊ⦰▖ᢚไຠᯝࡀᚓࡽࢀࡿ⠊ᅖ࡛᭱ᑠࡢ⃰ᗘࢆ⏝࠸ࡿࡇ࡜ࡀᮃࡲ
ࡋ࠸ 5 5 )ࠋ  
PEA ࡸ ECCE ࡛ࡣᡭ⾡᫬ࠊ℺ὶ๓ࡢ▖Ꮝᚄࡢ⤯ᑐ್ࡣ 6.2 ࠿ࡽ 7.1 mm ࡟
ศᕸࡋࠊࡇࡢ▖Ꮝᚄࡀᡭ⾡୰⥔ᣢ࡛ࡁࢀࡤᡭ⾡ࡣᨭ㞀࡞ࡃ⾜ࢃࢀࡿࡀࠊ▖Ꮝ
ᚄࡀ 5 mm ௨ୗ࡟⦰▖ࡍࡿ࡜ᡭ⾡᧯సࡣᅔ㞴࡟࡞ࡿ 5 6 )ࠋࡑࡇ࡛ 1 Pg /mL ࢔
ࢻࣞࢼࣜࣥῧຍ℺ὶᾮࢆ౑⏝ࡍࡿ࡜ 83%ࡀ 5 mm ௨ୖ࡟▖Ꮝᚄࢆಖࡘࡇ࡜ࡀ
࡛ࡁࡓ࡜ࡢሗ࿌ 5 7 )࡞࡝ࠊ1 Pg /mL ࢔ࢻࣞࢼࣜࣥῧຍ℺ὶᾮࡀ▖Ꮝᚄࢆ⥔ᣢࡍ
ࡿࡓࡵ࡟ࠊ⮫ᗋⓗ࡟᭷⏝࡞᭱ᑠ࢔ࢻࣞࢼࣜࣥ⃰ᗘ࡜ࡋ࡚᥎ዡࡉࢀ࡚࠸ࡿ
5 2 , 5 4 , 5 8 )ࠋ࢔ࢻࣞࢼࣜࣥὀᑕᾮࡣࠊ࢔ࢻࣞࢼࣜࣥཷᐜయసື⸆࡜ࡋ࡚஺ឤ⚄⤒
⠇ᚋ⥺⥔ᨭ㓄ୗࡢຠᯝჾ⣽⬊࡟┤᥋స⏝ࡋࠊα ཷᐜయࠊβ ཷᐜయ࡜⤖ྜࡍࡿࠋ
α1ࠊ α2ࠊ β1ࠊ β2 ཷᐜయ࡬ࡢస⏝ẚࡣ࡯ࡰ➼ࡋ࠸ࡀࠊᢞ୚㔞࡟ࡼࡾస⏝Ⓨ⌧ࡀ
␗࡞ࡿࠋᩓ▖ࡣ α ཷᐜయ࡟㛵㐃ࡋࡓస⏝࡛࠶ࡿࡀࠊᑡ㔞࡛ࡣ β ཷᐜయ่⃭స
⏝ࡀඃ఩࡜࡞ࡿࡓࡵὀពࡀᚲせ࡛࠶ࡿࠋ≉࡟⢾ᒀ⑓ࢆྜేࡋࡓ⑕౛ࡣࠊ⦰▖
ഴྥࡀᣦ᦬ࡉࢀ࡚࠾ࡾ 5 9 )ࠊ║℺ὶᾮ୰ࡢ࢔ࢻࣞࢼࣜࣥ⃰ᗘࡢ⥔ᣢࡀ㔜せ࡛࠶
ࡿࠋ  
Edelhauser ࡽ 60 )ࡣയᐖࢆ㉳ࡇࡍࡇ࡜࡞ࡃ║ෆ℺ὶࡀྍ⬟࡞ pH ࡣ 6.8㸫
8.2 ࡛࠶ࡿ࡜ࡋ࡚࠾ࡾࠊࡇࢀࡽࡢሗ࿌ࢆ᰿ᣐ࡟║℺ὶᾮࡢ pH ࡣ 7.2㸫 8.2 ࡟
タᐃࡉࢀ࡚࠸ࡿࠋࡇࡢ pH ࡢ⠊ᅖ࡟࠾࠸࡚║℺ὶᾮ୰ࡢ࢔ࢻࣞࢼࣜࣥ⃰ᗘࢆ
⤒᫬ⓗ࡟ぢࡓ⤖ᯝࠊpH 8.0 ࡛ࡣࠊΰ࿴ 2 ᫬㛫ᚋ࡟ࡣ࢔ࢻࣞࢼࣜࣥ⃰ᗘࡀ 90%
௨ୗ࡟పୗࡋࡓࠋ࢔ࢻࣞࢼࣜࣥࡣࠊỈ⁐ᾮ୰࡛ᐜ᫆࡟㓟໬ࡉࢀࡿࡓࡵࠊ║℺
ὶᾮ࡟ΰ࿴ࡍࡿࡇ࡜࡛㓟໬ࡉࢀࡿࡇ࡜࡟ࡼࡾྵ㔞ࡀపୗࡍࡿࡇ࡜ࡀ⪃࠼ࡽࢀ
ࡿࠋࡲࡓࡇࡢྵ㔞పୗࡣࠊᕼ㔘࡟ࡼࡿ pH ࡢୖ᪼ࠊ⇕ࠊගࠊ㔠ᒓ࢖࡛࢜ࣥಁ
㐍ࡉࢀࡿ 6 1 , 6 2 )ࠋ࢔ࢻࣞࢼࣜࣥࡣ pH ࡢୖ᪼࡟ࡼࡿศゎࢆ㑊ࡅࡿࡓࡵࠊࡑࡢᡂ
ศࡀᏳᐃ࡛࠶ࡿ pH 3.0㸫 4.0 ࡟ㄪᩚࡉࢀ࡚࠸ࡿࠋࡲࡓ࢔ࢻࣞࢼࣜࣥࡢ㓟⦆⾪
⬟ࡣᙅࡃࠊ pH 7.2㸫 8.2 ࡢ║℺ὶᾮ࡟ΰ࿴ࡋࡓ㝿ࠊᐜ᫆࡟ሷᇶᛶ࡟ഴࡃࡇ࡜
࡛࢔ࢻࣞࢼࣜࣥࡀศゎࡉࢀࡿ࡜⪃࠼ࡽࢀࡿࠋ࢔ࢻࣞࢼࣜࣥࡢศゎࡣࠊ࢝ࢸࢥ
࣮ࣝ㒊ศࡢ㓟໬࡟ࡼࡿ࢟ࣀࣥయЍ┤㙐࢔࣑ࣥ㒊ࡢ⎔໬࡟ࡼࡿ࢖ࣥࢻ࣮ࣝయЍ
㔜ྜయࡢ⏕ᡂ࡜㐍ࡴࠋ㔜ྜయࡢ୍㒊ࡣ࣓ࣛࢽࣥ࡟㌿᥮ࡉࢀࡿ࠿ࠊ࢔ࢻࣞࣀࢡ
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࣒ࣟᆺ࡜࡞ࡾࠊ㔜ྜయ࡜㔜ྜࡋࡓඹ㔜ྜయࢆᙧᡂࡍࡿ 6 3 )ࠋ  
࢔ࢻࣞࢼࣜࣥὀᑕᾮࡢ࢖ࣥࢱࣅ࣮ࣗࣇ࢛࣮࣒࡟ࡼࡿ࡜ 6 4 )ࠊ⏕⌮㣗ሷᾮ࡛࢔
ࢻࣞࢼࣜࣥὀᑕᾮࢆᕼ㔘ࡋࡓ┤ᚋࡢྵ㔞ࡣ 92.1% (10 ಸᕼ㔘 )ࠊ 62.3% (100
ಸᕼ㔘 ) ࡜ᕼ㔘ಸ⋡ࡢୖ᪼࡟క࠸㢧ⴭ࡞పୗࡀㄆࡵࡽࢀ࡚࠸ࡿࠋ௒ᅇࡢ◊✲
࡛ࠊ║℺ὶᾮ࡟࢔ࢻࣞࢼࣜࣥࢆῧຍࡋ࡚ 1,000 ಸᕼ㔘ࡋࡓ┤ᚋࡢྵ㔞ࡣ 83%
࡛࠶ࡾࠊᕼ㔘ಸ⋡ࡀ㧗࠸࡟ࡶ㛵ࢃࡽࡎࠊ⏕⌮㣗ሷᾮ࡛ᕼ㔘ࡋࡓሙྜ࡟ẚ࡭࡚
ྵ㔞పୗ⋡ࡀᑠࡉ࠸ࠋࡇࡢపୗ⋡ࡢᕪࡢཎᅉ࡜ࡋ࡚║℺ὶᾮࡢ୺ᡂศ࡛࠶ࡿ
࢜࢟ࢩࢢࣝࢱࢳ࢜ࣥࡀᢠ㓟໬స⏝ࢆࡶࡘࡓࡵࠊ࢔ࢻࣞࢼࣜࣥศゎࡢ㐍⾜ࡀᢚ
ไࡉࢀࡓࡇ࡜ࡀ⪃࠼ࡽࢀࡿࠋࡲࡓ║℺ὶᾮ࡟ྵ᭷ࡉࢀࡿ pH ㄪᩚ๣ࡢస⏝࡟
ࡼࡾࠊ⏕⌮㣗ሷᾮ࡛ᕼ㔘ࡋࡓሙྜ࡜ẚ࡭ᕼ㔘࡟ࡼࡿ࢔ࢻࣞࢼࣜࣥࡢ pH ࡢኚ
ືࡀᑡ࡞࠸ࡇ࡜ࡶ᥎ᐹࡉࢀࡿࠋࢢࣝࢱࢳ࢜ࣥ࡟ࡼࡿ࢝ࢸࢥ࣮ࣝࡢ㓟໬㜵Ṇᶵ
ᵓࢆ Fig. 12 ࡟♧ࡍࠋ࢝ࢸࢥ࣮ࣝࡀ㓟໬ࡉࢀࡿ࡜࢜࢟ࢩࢢࣝࢱࢳ࢜ࣥࡀ㑏ඖ
ࡉࢀࠊࢢࣝࢱࢳ࢜ࣥ࡟ኚ᥮ࡉࢀࡿࠋࢢࣝࢱࢳ࢜ࣥࡣࠊ࢟ࣀࣥࢆ㑏ඖࡋ࢝ࢸࢥ
࣮ࣝ࡟ኚ᥮ࡍࡿࠋࢢࣝࢱࢳ࢜ࣥࡣ㓟໬࡟ࡼࡾ࢜࢟ࢩࢢࣝࢱࢳ࢜ࣥ࡟ᡠࡾࠊ║
℺ὶᾮ୰ࡢ࢜࢟ࢩࢢࣝࢱࢳ࢜ࣥࡢ⃰ᗘࡣኚ໬ࡋ࡞࠸ࡓࡵࠊ║⤌⧊ಖㆤస⏝࡟
ᙳ㡪ࡣ࡞࠸ࠋ  
ࡉࡽ࡟࢔ࢻࣞࢼࣜࣥྵ㔞పୗࡢཎᅉ࡜ࡋ࡚ࠊ pH ࡢୖ᪼௨እࡢせᅉ࡜ࡋ࡚
ᢠ㓟໬๣࡜ࡋ࡚ῧຍࡉࢀ࡚࠸ࡿள◲㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘ࡢᕼ㔘ࡢᙳ㡪ࡀ⪃࠼ࡽ
ࢀࡿࠋ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮ  (1 Pg /mL) ࡟ࡉࡲࡊࡲ࡞⃰ᗘࡢள◲㓟Ỉ⣲
ࢼࢺ࣒ࣜ࢘ࢆຍ࠼ࠊ࢔ࢻࣞࢼࣜࣥ⃰ᗘࢆㄪᰝࡋࡓࠋள◲㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘ࡢ
⃰ᗘࡀ 500 Pg /mL (࢔ࢻࣞࢼࣜࣥὀ 0.1%࡟ῧຍࡉࢀ࡚࠸ࡿள◲㓟Ỉ⣲ࢼࢺࣜ
࣒࢘࡜ྠࡌ⃰ᗘ )  ࡛ࡣ࢔ࢻࣞࢼࣜࣥྵ㔞పୗࡣ࡯࡜ࢇ࡝ㄆࡵࡽࢀ࡞࠿ࡗࡓࡀࠊ
0.5 Pg /mL (⮫ᗋ࡛ỗ⏝ࡉࢀ࡚࠸ࡿ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮ୰ࡢ⃰ᗘ )  ࡛ࡣ
㢧ⴭ࡟పୗࡋࡓࠋᮏㄪᰝࡼࡾࠊ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮ୰ࡢ࢔ࢻࣞࢼࣜࣥ
ࡢ⃰ᗘࡣࠊ୺࡟ࡑࡢᢠ㓟໬๣࡛࠶ࡿள◲㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘ࡢᕼ㔘ࡀཎᅉ࡛ࠊ
⤒᫬ⓗ࡟ྵ㔞పୗࡍࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡓࠋ  
║℺ὶᾮࡣ࢜࢟ࢩࢢࣝࢱࢳ࢜ࣥࡢᏳᐃᛶ☜ಖࡢࡓࡵ⏝᫬ᕼ㔘〇๣࡜࡞ࡗ࡚
࠾ࡾࠊΰྜᕼ㔘ᚋࡢ౑⏝ࢆ 6 ᫬㛫௨ෆ࡜ࡋ࡚࠸ࡿࠋ௒ᅇࡢヨ㦂⤖ᯝ࠿ࡽࠊ࢔
ࢻࣞࢼࣜࣥࡣ║℺ὶᾮ࡟ΰ࿴ᚋ pH ࡟ࡼࡗ࡚ࡣ 2 ᫬㛫࡛ 90%௨ୗࡢྵ㔞ࡲ࡛
పୗࡋ࡚࠸ࡓࠋ࢔ࢻࣞࢼࣜࣥ 0.6 Pg /mL ⃰ᗘࡣᩓ▖ຠᯝࡀᚓࡽࢀ࡞࠿ࡗࡓ࡜
ࡍࡿሗ࿌➼࠿ࡽ 5 4 )ࠊᩓ▖ຠᯝࢆᚓࡿࡓࡵ࡟ࡣ 1 Pg /mL ࡀ᭱ᑠ᭷ຠ࢔ࢻࣞࢼ
ࣜࣥ⃰ᗘ࡛࠶ࡿ࡜ࡉࢀ࡚࠸ࡿ 5 2 )ࠋ║℺ὶᾮࡢ౑⏝ᮇ㝈࡛࠶ࡿ 6 ᫬㛫ᚋ࡟ࡣ
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70㸣௨ୗ࡟ྵ㔞పୗࡋࠊᩓ▖ຠᯝࡀ୙༑ศ࡟࡞ࡿྍ⬟ᛶࡀᠱᛕࡉࢀࡿࡓࡵࠊ
࢔ࢻࣞࢼࣜࣥࡣ౑⏝┤๓࡟ΰ࿴ࡋࠊᡭ⾡‽ഛẁ㝵࡛ண〇ࡋ࡞࠸ࡇ࡜ࢆ࿘▱ࡍ
ࡿᚲせࡀ࠶ࡿࠋ  
 
 
 
 
 
 
 
 
 
 
Fig. 12. Antioxidant mechanism of the catechol  by glutathione .
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࠙⥲ᣓࠚ  
ᮏ◊✲ࡣࠊᡭ⾡ᐊ࡛ỗ⏝ࡉࢀࡿ⸆๣ࡢ㐺ṇ౑⏝࡟ࡘ࡞ࡀࡿ࢚ࣅࢹࣥࢫࡢ๰
ฟࢆ┠ⓗ࡜ࡋ࡚ᐇ᪋ࡋࡓࠋ㠀ᢠࡀࢇ๣ࡢ⾑⟶እ₃ฟࡢ⓶⭵യᐖࡢ㔜⑕ᗘ࡜ࡑ
ࡢᑐฎἲࡀ⸆๣ࡈ࡜࡟ゎ᫂ࡉࢀࢀࡤࠊ㠀ᢠࡀࢇ๣ࡢ⾑⟶እ₃ฟࡢண㜵࡜἞⒪
ἲࡢ☜❧ࡀྍ⬟࡜࡞ࡿࠋ⸆๣⮬㌟ࡢ₃ฟ᫬യᐖࣜࢫࢡ࡟ࡘ࠸࡚ࡢ᝟ሗࡢグ㍕
ࡣᩚྜᛶࢆಖࡘࡇ࡜ࡀᚲせ࡛࠶ࡾࠊ⸆≀⒪ἲࡢᇶ♏࡜࡞ࡿῧ௜ᩥ᭩᝟ሗࡢᩚ
⌮ࡀồࡵࡽࢀࡿࠋࡇࢀࡽࢆࡶ࡜࡟ࡋࡓᝈ⪅࡬ࡢ᝟ሗᥦ౪࡜ᣦᑟࡢᚭᗏࡶㄢ㢟
࡛࠶ࢁ࠺ࠋࡲࡓ║⛉ᡭ⾡᫬ࡢᾘẘ᪉ἲࠊ⾡୰ࡢᩓ▖⥔ᣢࡀ㐺ṇ࡟⾜ࢃࢀࡿࡇ
࡜࡛ࠊ║⛉ᡭ⾡ࡢ἞⒪ຠᯝࡸᝈ⪅ࡢ QOL ࡢᨵၿࡀᮃࡵࡿࡶࡢ࡜᥎ᐹࡉࢀࡿࠋ  
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࠙ᐇ㦂ࡢ㒊ࠚ  
ͤ⏝࠸ࡓヨ⸆ࠊᶵჾࡢ୰࡛ࠊࡑࢀࡒࢀࡢ❶࡛㔜」ࡍࡿࡶࡢࡣ┬࠸ࡓࠋ  
 
࠙Ϩࠚ➨Ϩ❶ ᐇ㦂ࡢ㒊  
 
࠙Ϩ -1ࠚ౑⏝⸆๣  
ࢳ࢜࣌ࣥࢱ࣮ࣝ  (ࣛ࣎ࢼ࣮ࣝ ®ὀᑕ⏝ 0.5 gࠊ⏣㎶୕⳻〇⸆ᰴᘧ఍♫ )ࠊࣉࣟ
࣏ࣇ࢛࣮ࣝ  (1%ࢹ࢕ࣉࣜࣂࣥ ®ὀࠊ࢔ࢫࢺࣛࢮࢿ࢝ᰴᘧ఍♫ )ࢆ౑⏝ࡋࡓࠋ  
 
࠙Ϩ -2ࠚᐇ㦂ື≀  
Wistar ⣔㞝ᛶࣛࢵࢺ (8 㐌㱋ࠊయ㔜 250㸫 270g) 
ᗈᓥ኱Ꮫື≀ᐇ㦂೔⌮ጤဨ఍࠾ࡼࡧ࣊ࣝࢩࣥ࢟ᐉゝ࡟ᚑ࠸ື≀ࡢྲྀࡾᢅ࠸
ࢆ⾜ࡗࡓࠋ㣵ࠊỈ࡜ࡶ࡟ᖖ᫬ᦤྲྀྍ⬟࡜ࡋࠊ12 ᫬㛫ࢧ࢖ࢡࣝࡢ᫂ᬯ᮲௳ୗ࡟
タᐃࡋࡓᐊ  23Υࠊ┦ᑐ‵ᗘ 50㸣ࡢື≀ᐊ࡟࠾࠸࡚㣫⫱ࡋࡓࠋヨ㦂๓ࡢ 1
㐌㛫㥆໬ࡉࡏࡓࠋ  
 
࠙Ϩ -3ࠚ₃ฟࣔࢹࣝస〇  
₃ฟࣔࢹࣝస〇ࡣ Dorr ࡽࡢ᪉ἲ 6 5 )ࢆཧ⪃࡟⾜ࡗࡓࠋ  
ࣛࢵࢺ࡟࣌ࣥࢺࣂࣝࣅࢱ࣮ࣝࢼࢺ࣒ࣜ࢘  (ࢯ࣒ࣀ࣌ࣥࢳࣝ ®ࠊඹ❧〇⸆ᰴᘧ
఍♫ )  40 mg/kg ࢆ⭡⭍ෆᢞ୚ࡋࠊ㯞㓉ࢆ࠿ࡅࡓࠋ㯞㓉ୗ࡛⫼㒊ࢆ㟁Ẽࣂࣜ࢝
ࣥ  (THRIVE ࢺ࣐ࣜ -MODEL2100 ኱ᮾ㟁ᶵᕤᴗᰴᘧ఍♫ )  0.5 mm ลࢆ⏝࠸
๋࡚ẟࡋࡓࠋ24 ᫬㛫ᚋ࡟㝖ẟ㒊ࢆほᐹࡋ࡚⓶⭵࡟␗ᖖࡢ࡞࠸ࣛࢵࢺࡢࡳࢆ౑
⏝ࡋࡓࠋࣛࢵࢺ⫼㒊ࡢ⓶⭵ࢆࡘࡲࡳ࠶ࡆࠊ 26G ὀᑕ㔪ࢆ 45 ᗘ࡛ 2/3 ᤄධࡋ
⓶ෆ⤌⧊࡟่ධࡋࠊ1 ༉࡟ࡘࡁ⫼㒊ࡢᕥྑ஧࢝ᡤ࡟⸆ᾮ 0.1 mL ࢆὀධࡋ⓶⭵
ࡀ⭾㝯ࡋࡓࡢࢆ☜ㄆࡋ࡚₃ฟࡋࡓ≧ែ࡜ࡋࡓࠋᢞ୚㒊఩ࡢ୰ᚰࡣࣛࢵࢺࡢ⪥
௓࠿ࡽᑿ᪉ྥ࡟ 7s1cm ࡜ࡋࡓࠋࢳ࢜࣌ࣥࢱ࣮ࣝ࠾ࡼࡧࣉ࣏ࣟࣇ࢛࣮ࣝࡢ౑
⏝⃰ᗘࡣࠊࡑࢀࡒࢀῧ௜ᩥ᭩࡟グ㍕ࡉࢀ࡚࠸ࡿ⏝㔞 2.5% (25 mg/mL)ࠊ1% (10 
mg/mL) ࡟ㄪ〇ࡋࡓࠋࢳ࢜࣌ࣥࢱ࣮ࣝࡣῧ௜ᩥ᭩࡟ᚑ࠸ὀᑕ⏝Ỉ࡛ᕼ㔘ࡋࡓࠋ
ࢿ࢞ࢸ࢕ࣈࢥࣥࢺ࣮ࣟࣝ࡜ࡋ࡚⏕⌮㣗ሷᾮࢆ⸆๣ࡢ௦ࢃࡾ࡟₃ฟࡉࡏࡓࠋྑ
ഃࡣ⫗║ᡤぢࢆほᐹࡍࡿࡓࡵࠊ἞⒵ࡍࡿࡲ࡛ほᐹࡋࠊᕥഃࡣ⤌⧊Ꮫⓗホ౯ࡢ
ࡓࡵࡢ᥇ྲྀ⏝࡜ࡋࡓࠋ  
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࠙Ϩ -4ࠚ⨣ἲ  
⩌ᵓᡂࡣࠊ⏕⌮㣗ሷᾮ₃ฟ -↓἞⒪⩌㸱༉ࠊ⸆๣₃ฟ -↓἞⒪⩌ࠊ⸆๣₃ฟ -
෭⨣ἲฎ⨨  (18㸫 20Υ )  ⩌࠾ࡼࡧ⸆๣₃ฟ - ⨣ἲฎ⨨  (40㸫 42Υ )  ⩌ྛ 5༉
࡜ࡋࡓࠋᮏ◊✲࡛ࡣࠊ⸆ᾮ₃ฟ᫬ࡢᛴᛶയᐖ࡟ᑐࡍࡿ⨣ἲࡢຠᯝ࡟ࡘ࠸᳨࡚
ウࡍࡿࡓࡵࠊ⸆ᾮ₃ฟ┤ᚋ࡟⨣ἲࢆ 3 ᫬㛫᪋⾜ࡋࠊ⨣ἲ࡟ࡣ Cold/HotpackT M 
(3M ࣊ࣝࢫࢣ࢔ )  ࢆ⏝࠸ 6 6 )ࠊ ⨣ἲࡣࠊຍ ࡋࡓࢤࣝࣃࢵࢡࢆࣛࢵࢺ⫼㒊₃
ฟ㒊඲㠃࡟࠶࡚⸆ᾮ₃ฟ㒊఩ࢆ 40㸫 42Υ࡟ಖᣢࡍࡿࡇ࡜࡟ࡼࡾ⾜ࡗࡓࠋ෭⨣
ἲࡣࠊ෭༷ࡋࡓࢤࣝࣃࢵࢡࢆࣛࢵࢺ⫼㒊₃ฟ㒊඲㠃࡟࠶࡚⸆ᾮ₃ฟ㒊఩ࢆ 18
㸫 20Υ࡟ಖᣢࡍࡿࡇ࡜࡟ࡼࡾ⾜ࡗࡓࠋྛ⨣ἲ࡟࠾࠸࡚ࠊࣛࢵࢺ⫼㒊ࡢ₃ฟ㒊
఩࡟ࠊ ᗘࢭࣥࢧ࣮ࢆ㈞௜ࡋࠊ⓶⭵⾲㠃 ᗘࢆࢹࢪࢱࣝ ᗘィ  (12 ࢳࣕࣥࢿ
ࣝࢹ࣮ࢱ࣮ࣟ࢞ ᗘィ BTM BTM-4208SD SATO TECH) ࡛ 3 ᫬㛫ࠊ㐺⏝㒊
఩ࡢ ᗘࢆ 10 ศẖ࡟⥅⥆ࡋ࡚ほᐹࡋ࡞ࡀࡽ⨣ἲࢆᐇ᪋ࡋࡓࠋ  
 
࠙Ϩ -5ࠚ  ₃ฟ㒊఩ࡢ⫗║ⓗᡤぢ 6 5 )  
⫗║ⓗ᳨ウ࡜ࡋ࡚ࠊ₃ฟᚋ 1 㐌㛫┠ࡲ࡛ࡣ㐃᪥ࠊ 1 㐌㛫ᚋ࠿ࡽࡣ 4 ᪥࠾ࡁ
࡟₃ฟ㒊ࡢほᐹࢆ⾜࠸⑓ኚ㒊఩ࡢ㛗ᚄࢆ 2 ㎶ ᐃࡋࡓࠋⓎ㉥ࠊᾋ⭘ࠊ◳໬ࠊ
₽⒆ࠊቯṚࢆࡲ࡜ࡵ࡚യᐖ࡜ᐃ⩏ࡋほᐹࡋࡓࠋയᐖࡢࣆ࣮ࢡ㠃✚ࠊ἞⒵ࡲ࡛
ࡢᮇ㛫ࠊAUC ࡛ホ౯ࡋࡓࠋAUC ࡣྎᙧἲ࡛⟬ฟࡋࡓࠋࡍ࡭࡚ࡢയᐖࡣ᏶඲
࡟἞⒵ࡍࡿࡲ࡛ほᐹࡋࡓࠋ  
 
࠙Ϩ -6ࠚ₃ฟ㒊఩ࡢ⤌⧊Ꮫⓗᡤぢ  
1)  ⤌⧊᥇ྲྀ  
⤌⧊Ꮫⓗ᳨ウ࡜ࡋ࡚₃ฟ 24 ᫬㛫ᚋ࡟ᢞ୚㒊఩ࡢ⓶⭵⤌⧊ࢆ┤ᚄ 4 mm ࣃ
ࣥࢳ  (ࢹ࣐ࣝࣃࣥࢳࠊ࣐ࣝ࣍ )  ࡛᦬ฟࡋࡓࠋ⤌⧊᥇ྲྀ᫬㛫ࡣࠊࢳ࢜࣌ࣥࢱ࣮
ࣝ࡜ྠᵝ࡟ሷᇶᛶࢆ♧ࡍࣇ࢙ࢽࢺ࢖ࣥࡢയᐖࣆ࣮ࢡ᫬㛫ࢆཧ⪃࡜ࡋࠊ₃ฟ 24
᫬㛫ᚋ࡜ࡋࡓ 6 7 )ࠋ  
 
2)  ࣐࣍ࣝࣜࣥᅛᐃࠊࣃࣛࣇ࢕ࣥໟᇙࠊⷧษ  
᦬ฟ⓶⭵⤌⧊ࡣ 10%࣐࣍ࣝࣜࣥ  (⑓⌮⤌⧊ᅛᐃ⏝ᐜჾ 10%࣐࣍ࣝࣜࣥࠊṊ
⸨໬Ꮫ )  ࡟ᐊ ࡛ 6 ᫬㛫௨ୖᾐₕࡋ࣐࣍ࣝࣜࣥᅛᐃࡋࡓࠋ⤌⧊∦ࢆࢸ࢕ࢩࣗ
࣮࢝ࢭࢵࢺ  (ࢸ࢕ࢩ࣮ࣗࢸࢵࢡࣘࢽ࢝ࢭࢵࢺࢫࢱࣥࢲ࣮ࢻࠊࢧࢡࣛࣇ࢓࢖ࣥ
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ࢸࢵࢡ )  ࡟ධࢀࠊ80%࢚ࢱࣀ࣮ࣝ (࢚ࢱࣀ࣮ࣝ 99.5ࠊWako) ࡟ 30 ศ㛫ࠊ90%
࢚ࢱࣀ࣮ࣝ (࢚ࢱࣀ࣮ࣝ 99.5ࠊWako)࡟ 30 ศ㛫ᾐₕࠊࡉࡽ࡟ 100%࢚ࢱࣀ࣮
ࣝ (࢚ࢱࣀ࣮ࣝ 100 ⑓⌮⏝ᰁⰍ⁐๣ࠊṊ⸨໬Ꮫ )  ࡟  30 ศ㛫ᾐₕࢆ 2 ᅇ⧞ࡾ㏉
ࡍࡇ࡜࡛ࠊ⤌⧊ࡢỈศࢆ࢚ࢱࣀ࣮ࣝ࡟⨨᥮ࡋ⬺Ỉࡋࡓࠋࡇࡢᚋࠊ࢟ࢩࣞࣥ  (࢟
ࢩࣞࣥࠊࢼ࢝ࣛ࢖ࢸࢫࢡ )  ࡟ 20 ศ㛫 2 ᅇᾐₕࡋࡓᚋࠊ60Υࣃࣛࣇ࢕ࣥ  (ࣃࣛ
ࣇ࢕ࣥ࣡ࢵࢡࢫϩ 60 ࢸ࢕ࢩ࣮ࣗࢸࢵࢡࠊࣇࢼࢥࢩᰴᘧ఍♫ )  ࡟ 20 ศ㛫ࠊ60Υ
ࣃࣛࣇ࢕ࣥ 30 ศ㛫 2 ᅇᾐₕࡋࡓࠋࣃࣛࣇ࢕ࣥࣅ࣮࣮࢝ࡢ୰ࡢࢸ࢕ࢩ࣮ࣗ࢝
ࢭࢵࢺࢆྲྀࡾฟࡋࠊࢸ࢕ࢩ࣮ࣗ࢝ࢭࢵࢺෆࡢ⤌⧊∦ࢆࠊ70Υ Ꮚ࡛ ࡵࡓࣃ
ࣛࣇ࢕ࣥධࡾỌஂᶆᮏ⏝ࡢࣉࣛࢫࢳࢵࢡᐜჾࢫ࣮ࣃ࣮ࣇࣟࢫࢺ࣍࣡࢖ࢺ
MASࠊᯇᾉ◪Ꮚᕤᴗᰴᘧ఍♫ )  ࡟ධࢀࡓࠋࡇࡢ࡜ࡁ⤌⧊ࡢ࢝ࢵࢺ㠃ࡀᆶ┤࡟
࡞ࡿࡼ࠺࡟㓄⨨ࡋࡓࠋ-10Υ෭Ꮚ࡛ヨᩱࢆᅛᐃࡋࣃࣛࣇ࢕ࣥໟᇙ࡜ࡋࡓࠋᐊ 
࡛ 24 ᫬㛫௨ୖ⤒㐣ᚋࠊ࣑ࢡࣟࢺ࣮࣒࡟ࣃࣛࣇ࢕ࣥࣈࣟࢵࢡࢆࢭࢵࢺࡋࠊ5 μm
ཌ࡟ⷧษࡾࢆ⾜ࡗࡓⷧࠋ ษࡾࡋࡓ⤌⧊ࢆ 50Υࡢ‮࡟ᾋ࠿࡭ࢫࣛ࢖ࢻ࢞ࣛࢫୖ
࡛஝⇱ࡉࡏࡓࡶࡢࢆほᐹ⏝ࣉ࣮ࣞࢺ࡜ࡋࡓࠋ  
 
3) HE ᰁⰍ  
HE ᰁⰍࡣ⣽⬊࠾ࡼࡧ⤌⧊ᵓ㐀ࡢ඲యീࢆほᐹࡍࡿ┠ⓗ࡛ࠊ࣐࣊ࢺ࢟ࢩࣜ
࡛ࣥ⣽⬊᰾ࠊ࢚࢜ࢪ࡛ࣥ⣽⬊㉁ࢆᰁⰍࡍࡿ᭱ࡶᇶᮏⓗ࡞୍⯡ᰁⰍἲ࡛࠶ࡿࠋ  
ほᐹ⏝ࣉ࣮ࣞࢺࢆ࢟ࢩࣞࣥ࡟ 5 ศ㛫 3 ᅇᾐₕࡍࡿࡇ࡜࡛⬺ࣃࣛࣇ࢕ࣥࢆࡋ
ࡓᚋࠊ 100%࢚ࢱࣀ࣮ࣝ 5 ศ㛫 2 ᅇᾐₕࡍࡿࡇ࡜࡛࢟ࢩࣞࣥࢆ࢚ࢱࣀ࣮࡛ࣝ
⨨᥮ࡋࠊ࢚ࢱࣀ࣮ࣝࢆὙ࠸ⴠ࡜ࡍࡓࡵࠊỈὙ࠸ 2㸫 3 ᅇ⾜ࡗࡓࠋࡑࡢᚋࠊ࣊
࣐ࢺ࢟ࢩࣜࣥ  (࣐࢖࣮࣐ࣖ࣊ࢺ࢟ࢩࣜࣥ⁐ᾮ㢧ᚤ㙾⏝ 1.09249ࠊE.Merckࠊ
࿴ග⣧⸆ᕤᴗ )  ࡬ 2-3 ศᾐₕࡋ᰾ࡢᰁⰍࢆ⾜࠸ࠊỈὙ࠸࡟ࡼࡾ࣐࣊ࢺ࢟ࣜࢩ
ࣥࡢⰍฟࡋᐃ╔ࢆ⾜ࡗࡓࠋࡉࡽ࡟࢚࢜ࢪࣥ  (࢚࢜ࢩࣥ㹗࢔ࣝࢥ࣮ࣝ⁐ᾮ  
(HT110116ࠊsigma-aldrich) ࡟  3 ศᾐₕࡋ⣽⬊㉁➼ࡢᰁⰍᚋỈὙ࠸ࡋࠊ90%
࢚ࢱࣀ࣮ࣝ࡟ 5 ᅇᩘ⛊ᾐₕࠊࡑࡢᚋ 100%࢚ࢱࣀ࣮ࣝ࡟ 5 ᅇᩘ⛊ᾐₕࠊ෌ᗘ
᪂ࡋ࠸ 100%࢚ࢱࣀ࣮ࣝ࡟ 5 ᅇᩘ⛊ᾐₕࡍࡿࡇ࡜࡛⬺Ỉࠊ࢟ࢩࣞࣥ࡟ 3 ศ㛫
2 ᅇᾐₕࡍࡿࡇ࡜࡛㏱ᚭࢆ⾜ࡗࡓࠋ࢟ࢩࣞࣥ࠿ࡽࣉ࣮ࣞࢺࢆ࡜ࡾࡔࡋ᥋╔࣎
ࣥࢻ  (࣐࢘ࣥࢺࢡ࢖ࢵࢡࢳ࣮ࣗࣈࠊ኱㐨⏘ᴗ )ࢆࡘࡅࡓ࢝ࣂ࣮ࢢࣛࢫ  (NEO
࢝ࣂ࣮ࢢࣛࢫࠊᯇᾉ◪Ꮚᕤᴗᰴᘧ఍♫ )  ࡛ᑒධࡋࡓᚋ 30 ศ஝⇱ࡉࡏࡓࠋ⤌⧊
ᶆᮏ࡟࠾ࡅࡿ⑓ኚ㒊ࢆ HS ࣮࢜ࣝ࢖ࣥ࣡ࣥ⺯ග㢧ᚤ㙾 BZ9000 (KEYENCEࠊ
ᮾி ) ࡛☜ㄆᚋࠊ⑓ኚ㒊ࢆ୰ᚰ࡟᧜ᙳࠊ⤌⧊Ꮫⓗ࡟᳨ウࡋࡓࠋ⤌⧊Ꮫⓗホ౯
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ࡣᐇ㦂⤒㐣ࢆࣈࣛ࢖ࣥࢻࡋࡓ⑓⌮ᑓ㛛་࡟ࡼࡾ⾜ࢃࢀࡓࠋ  
 
࠙Ϩ -7ࠚ⤫ィᏛⓗฎ⌮  
ᐇ㦂⤖ᯝࡣࠊᖹᆒ್sᶆ‽ㄗᕪ (SEM) ࡛⾲ࡋࡓྛࠋ ⩌㛫ࡢᕪ␗ࢆࠊANOVAࠊ
ከ㔜ẚ㍑࡟ࡣ post hoc test ࡜ࡋ࡚ Student Newman-Keuls ἲࢆ⏝࠸࡚ศᯒ
ࡋࡓࠋ༴㝤ᗘ 5%ࢆ᭷ពỈ‽࡜ࡋࡓࠋ
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࠙ϩࠚ➨ϩ❶ ᐇ㦂ࡢ㒊  
 
࠙ϩ -1ࠚ౑⏝⸆๣  
PVP-I (࣏ࣅࢻ࣮ࣥࣚࢻ㸹࢖ࢯࢪࣥ ®ᾮ 10%ࠊ᫂἞〇Ⳬࣇ࢓࣐ࣝ )ࠊPAI (ࣚ
࢘⣲࣭࣏ࣜࣅࢽࣝ࢔ࣝࢥ࣮ࣝ㸹PA࣭࣮ࣚࢻⅬ║Ὑ║ᾮࠊᰴᘧ఍♫᪥ᮏⅬ║⸆
◊✲ᡤ )ࠊ࣏ࣅࢻ࣮ࣥࣚࢻཎᮎ  (LKT) ࢆ⏕⌮㣗ሷᾮ࡛ 10%࡟ࡋࡓ⁐ᾮ  (௨ୗ
PVP-I-P) ࢆ⏝࠸ࡓࠋ  
 
࠙ϩ -2ࠚHCE-T ⣽⬊  6 8 , 6 9 )  
⊂❧⾜ᨻἲே⌮໬Ꮫ◊✲ᡤࣂ࢖࢜ࣜࢯ࣮ࢫࢭࣥࢱ࣮  (⟃Ἴ )  ࠿ࡽ㉎ධࡋࡓࠋ
SV40-adeno virus ⤌᥮࠼࣋ࢡࢱ࣮࡟ࡼࡾ୙Ṛ໬ࡋࡓࣄࢺゅ⭷ୖ⓶⣽⬊ᰴ࡛
࠶ࡾࠊ⣽⬊ቑṪᛶࡢࡤࡽࡘࡁࡀᑡ࡞࠸㸦➨ 4 ୡ௦ HCE-T ⣽⬊ቑṪᛶࡢኚື
ಀᩘ :4.7%ࠊ 0.25 cells/cm2 ࡟࡚᧛✀ᚋ 3 ᪥㛫ᇵ㣴㸧ࠋ 64 kD ࢣࣛࢳࣥ⏘⏕⬟
ࡀ࠶ࡿ 70 )ࠋ  
5% ࢘ࢩ⫾ඣ⾑Ύ  (heat-inactivated fetal  bovine serum㸸hFBS) (ࣟࣥࢨ )ࠊ
5 μg/mL insulin (093-06471ࠊWako)ࠊ 10 ng/mL human epidermal growth 
factor㸸hEGF (P613ࠊWako)ࠊ  0.5% DMSO (D2650ࠊ  SIGMA)ࠊ12.5 mL/L 
L-glutamine (G7513ࠊSIGMA)ࠊ 100 IU/mL ࣌ࢽࢩࣜࣥ࠾ࡼࡧ 100 μg/mL
ࢫࢺࣞࣉࢺ࣐࢖ࢩࣥ  (P0781ࠊSIGMA) ࢆྵࡴ Dulbecco’s modified eagle’s 
medium/ham’s f12 medium㸸DMEM/F12 ᇵᆅ  (D6421ࠊSIGMA) ࡛ࠊ37Υࠊ
5%CO2 ᮲௳ୗ࡛ᇵ㣴ࡋࡓ 7 1 ,7 2 )ࠋ  
 
࠙ϩ -3ࠚ⣽⬊⏕Ꮡ⋡ࡢ ᐃ  
⣽⬊ᩘࢆィ ᚋࠊ 96 ࢙࣐࢘ࣝ࢖ࢡࣟࣉ࣮ࣞࢺ࡟ 5104 ಶࡎࡘ᧛✀ࡋࠊ  
37Υࠊ 5%CO2 ࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 24 ᫬㛫ᇵ㣴ࡋࡓࡶࡢࢆᐇ㦂࡟⏝࠸ࡓࠋ 
ᐇ㝿ࡢ᧯స᪉ἲ࡜ࡋ࡚ࠊ HCE-T ⣽⬊ࢆྛᾘẘ๣ 100 μL ࡛ฎ⌮ᚋࠊ
phosphate buffered saline  (PBS) ࡛ 2 ᅇὙίࡋࠊྛ࢙࢘ࣝ࡟ 100 μL ࡢᇵᆅ
࠾ࡼࡧ Cell Counting Kit-8 (CCK8) ヨ⸆  (ྠோ໬Ꮫ◊✲ᡤ )  7 3 )   10 μL ࢆຍ
࠼ࠊ37Υࠊ5%CO2 ࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 3 ᫬㛫ฎ⌮ᚋ 450 nm ࡢ྾ගᗘ  (Abs) 
ࢆ   ᐃ ࡋ ࡓ ࠋ CCK8 ࡟ ࡣ ࢸ ࢺ ࣛ ࢰ ࣜ ࢘ ࣒ ሷ  (WST-8) ࡜ 㟁 Ꮚ ఏ 㐩 ≀ ㉁  
(1-Methoxy PMS) ࡀྵࡲࢀ࡚࠾ࡾࠊWST-8 ࡣࠊங㓟⬺Ỉ⣲㓝⣲ࡢ⿵㓝⣲࡛
࠶ࡿ NADH ࠿ࡽ 1-Methoxy PMS ࢆ௓ࡋ࡚㟁Ꮚࢆཷࡅྲྀࡿࡇ࡜࡛㑏ඖࡉࢀ࡚
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Ỉ⁐ᛶࡢ WST-8 ࣐࣍ࣝࢨࣥࢆ⏕ᡂࡍࡿࠋᮏᐇ㦂࡟࠾ࡅࡿ⣽⬊ቑṪᛶࡣ⏕ᡂࡋ
ࡓ࣐࣍ࣝࢨࣥ㔞ࡀ⏕⣽⬊ᩘ࡟ᑐᛂࡍࡿཎ⌮ࢆ฼⏝ࡋࡓࠋྛ⸆๣࡜ࡶ 1 ⣔ิ 5 
࢙࢘ࣝࢆ⏝࠸ࡓࠋ  
 
࠙ϩ -4ࠚྛᾘẘ๣ࡢゅ⭷ୖ⓶⣽⬊യᐖᛶヨ㦂  
PVP-I ࡜ PAI ࡟ࡘ࠸࡚ࠊHCE-T ⣽⬊ࢆ 30 ⛊ฎ⌮ᚋࡢゅ⭷ୖ⓶⣽⬊യᐖᛶ
ࢆ᳨ウࡋࡓࠋPAI ࡣࠊῧ௜ᩥ᭩ୖࡢ㐺ᛂ⃰ᗘ࡛࠶ࡿ 4ࠊ6ࠊ8 ಸᕼ㔘ᾮࠊPVP-I
ࡣ⡿ᅜ࡛౑⏝ࡉࢀ࡚࠸ࡿ 2 ಸᕼ㔘 7 4 )ࠊᅜෆ࡛ỗ⏝ࡉࢀ࡚࠸ࡿ 8ࠊ 16ࠊ 32 ಸ
ᕼ㔘ࡢྛ⃰ᗘ࡟ࡘ࠸᳨࡚ウࡋࡓࠋ࠶ࢃࡏ࡚ࠊPVP-I ࡜ PAI 㛫ࡢࠊ᭷ຠࣚ࢘⣲
⃰ᗘࡀ➼ࡋ࠸⁐ᾮ㛫࡛⣽⬊യᐖᛶࢆẚ㍑᳨ウࡍࡿࡓࡵࠊ PVP-I 20ࠊ 30ࠊ 40
ಸᕼ㔘ࢆ㏣ຍࡋࡓࠋࡘࡂ࡟ᾘẘຠᯝࡀྠ➼ 3 9 )࡜ࡉࢀࡿ PVP-I 16 ಸᕼ㔘ᾮ࠾
ࡼࡧ PAI 6 ಸᕼ㔘ᾮࢆ┤᥋ẚ㍑ࡋࠊHCE-T ⣽⬊ࢆྛᕼ㔘ᾮ࡛ 30ࠊ60ࠊ120ࠊ
300 ⛊ฎ⌮ࡋࡓሙྜࡢ⣽⬊യᐖᛶࢆ᳨ウࡋࡓࠋ  
 
࠙ϩ -5ࠚゅ⭷ୖ⓶⣽⬊യᐖᛶヨ㦂  
ῧຍ๣࡟ࡼࡿゅ⭷ୖ⓶⣽⬊യᐖᛶ࡟ࡘ࠸᳨࡚ウࡍࡿ┠ⓗ࡛ࠊ0.02 M ࢳ࢜◲
㓟ࢼࢺ࣒࡛ࣜ࢘ PVP-IࠊPVP-I-P ࠾ࡼࡧ PAI ࡢࣚ࢘⣲ࢆኻάᚋ 7 5 )ࠊ2ࠊ10 ಸ
⃰ᗘ࡟࡞ࡿࡼ࠺࡟⏕⌮㣗ሷᾮ࡛ᕼ㔘ࡋࡓሙྜࡢ⣽⬊യᐖᛶࢆ᳨ウࡋࡓࠋ  
 
࠙ϩ -6ࠚ࣐ࣛ࢘ࣟࢡࣟࢦ࣮ࣝࡢ⣽⬊യᐖᛶヨ㦂  
PVP-I ࡟ῧຍࡉࢀ࡚࠸ࡿ⏺㠃άᛶ๣࡛࠶ࡿ࣐ࣛ࢘ࣟࢡࣟࢦ࣮ࣝ  (NIKKOL 
BL-9EXࠊ࿴ග≉⣭ )  0.1ࠊ 1ࠊ 10ࠊ 100ࠊ 1000 mg/mL ࡢ⣽⬊യᐖᛶࢆ࠶ࢃࡏ
᳨࡚ウࡋࡓࠋ  
 
࠙ϩ -7ࠚ  pH ࡢ⣽⬊⏕Ꮡ⋡࡬ࡢᙳ㡪  
pH ࡢ⣽⬊⏕Ꮡ⋡࡬ࡢᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊሷ㓟㸫ሷ໬࣒࢝ࣜ࢘⦆⾪ᾮࠊ
㓑㓟⦆⾪ᾮࠊࣜࣥ㓟⦆⾪ᾮࢆ⏝࠸࡚ pH 1-7 ࡢ⁐ᾮࢆㄪ〇ࡋࡓࠋHCE-T ⣽⬊
ࢆྛ pH ᾮ 100 μL ࡛ 30 ⛊ฎ⌮ᚋࠊCCK8 ἲࢆ⏝࠸࡚ྛ pH ᾮࡢ⣽⬊യᐖᛶ
ࢆ᳨ウࡋࡓࠋPVP-I 16 ಸᕼ㔘ᾮࠊPAI 6 ಸᕼ㔘ᾮࡢ pH ࢆ ᐃࡋࠊ pH ࡢ⣽
⬊⏕Ꮡ⋡࡬ࡢᙳ㡪ࢆ᳨ウࡋࡓࠋ  
 
࠙ϩ -8ࠚ  ᾐ㏱ᅽࡢ⣽⬊⏕Ꮡ⋡࡬ࡢᙳ㡪  
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ᾐ㏱ᅽ࡟ࡼࡿ⣽⬊⏕Ꮡ⋡࡬ࡢᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊࢫࢡ࣮ࣟࢫ࡛ 0ࠊ 50ࠊ
100ࠊ 200ࠊ 300 mOsm/kg ྛᾐ㏱ᅽᾮࢆㄪ〇ࡋࠊHCE-T ⣽⬊ࢆྛᾮ 100 μL
࡛ 30 ⛊ฎ⌮ᚋࠊCCK8 ἲࢆ⏝࠸࡚ྛࠎࡢ⣽⬊യᐖࢆ᳨ウࡋࡓࠋPVP-I 16 ಸ
ᕼ㔘ᾮࠊPAI 6 ಸᕼ㔘ᾮࡢᾐ㏱ᅽࢆ ᐃࡋࡓࠋᕼ㔘ᾮ࡜ࡋ࡚ࡑࢀࡒࢀ⏕⌮㣗
ሷᾮ࡜ὀᑕ⏝Ỉࢆ౑⏝ࡋࡓࠋ  
 
࠙ϩ -9ࠚ  ⤫ィᏛⓗฎ⌮  
ᐇ㦂⤖ᯝࡣᖹᆒ್sᶆ‽೫ᕪ  (SD) ࡛⾲ࡋࡓࠋྛࠎࡢᐇ㦂್ࡣ༢⣧ẚ㍑ࡣ
student's t-test ࢆ⏝࠸ࠊከ⩌㛫ẚ㍑ࡣ Dunnet ἲ࡟ࡼࡾゎᯒࡋࡓࠋ༴㝤ᗘ
5%ࢆ᭷ពỈ‽࡜ࡋࡓࠋ  
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࠙Ϫࠚ➨Ϫ❶ ᐇ㦂ࡢ㒊  
 
࠙Ϫ -1ࠚ౑⏝⸆๣  
࢜࢟ࢩࢢࣝࢱࢳ࢜ࣥ║℺ὶᾮ࣭Ὑίᾮ  (ࣅ࣮࢚ࢫ࢚ࢫࣉࣛࢫ ®500 ║℺ὶᾮ
0.0184%ࠊ࢜࢟ࢩࢢࣝࢱࢳ࢜ࣥ 1531Fࠊᕼ㔘ᾮ 5589F) (᪥ᮏ࢔ࣝࢥࣥᰴᘧ఍
♫ ) (௨ୗࠊ║℺ὶᾮ )ࠊ᪥ᮏ⸆ᒁ᪉࢔ࢻࣞࢼࣜࣥὀᑕᾮ 0.1% (࣎ࢫ࣑ࣥ ®ὀ 1 
mg) (CNA1024ࠊ➨୍୕ඹᰴᘧ఍♫ )  (௨ୗࠊ࢔ࢻࣞࢼࣜࣥὀ )ࠊᶆ‽ヨᩱ࡜ࡋ
࡚ (R)-(-)-Epinephrine (PDM3506ࠊ࿴ග⣧⸆ᕤᴗᰴᘧ఍♫ )  (௨ୗࠊ࢔ࢻࣞࢼ
ࣜࣥヨ⸆ )ࠊள◲㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘  (YSN7761ࠊ࿴ග⣧⸆ᕤᴗᰴᘧ఍♫ )  ࢆ౑
⏝ࡋࡓࠋ  
 
࠙Ϫ -2ࠚ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮࡢㄪ〇  
║℺ὶᾮࡢῧ௜ᩥ᭩ࡢᕼ㔘᪉ἲࡢᡭ㡰࡟ᚑ࠸ࠊ࢜࢟ࢩࢢࣝࢱࢳ࢜ࣥ⁐ᾮ 20 
mL ࢆᕼ㔘ᾮ 480 mL ࡛ᕼ㔘ࡋࡓ║℺ὶᾮࢆ⏝࠸ࡓࠋ║℺ὶᾮࡢῧ௜ᩥ᭩ୖ
ࡢ pH ᇦ  (7.2㸫 8.2) ࡢ⠊ᅖ࡛ pH ࡟ࡼࡿ࢔ࢻࣞࢼࣜࣥࡢᏳᐃᛶࡢᕪ␗ࢆ☜ㄆ
ࡍࡿࡓࡵࠊ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮ࡟ 0.1 M NaOH ࡲࡓࡣ 0.1 M HCl ࢆ⁲
ୗࡋࠊpH7.2ࠊ7.5ࠊ8.0 ࡢ 3 ✀㢮ࡢ⸆ᾮࢆㄪ〇ࡋࡓࠋ║℺ὶᾮࡢ pH ࡣ DIGITAL 
pH METERV SERIES HM-30V (ᮾளࢹ࢕࣮ࢣ࣮ࢣ࣮ᰴᘧ఍♫ )  ࢆ⏝࠸࡚ 
ᐃࡋࡓࠋỗ⏝ࡉࢀ࡚࠸ࡿ౑⏝ἲ 5 2 , 5 4 )࡟‽ࡌ࡚ࠊᕼ㔘┤ᚋࡢ║℺ὶᾮ 500 mL
࡟࢔ࢻࣞࢼࣜࣥὀ 0.5 mL ࢆΰ࿴ࡋࠊ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮ  (࢔ࢻࣞࢼ
ࣜࣥ 1.0 μg/mL) ࡜ࡋࡓࠋࡇࢀࢆᐊ ࠊ⺯ගⅉୗ࡛ 24 ᫬㛫ᚋࡲ࡛ಖᏑࡋࡓࠋ 
 
࠙Ϫ -3ࠚ࢔ࢻࣞࢼࣜࣥྵ㔞ࡢ ᐃ 7 6 )  
࢔ ࢻ ࣞ ࢼ ࣜ ࣥ ྵ 㔞 ࡢ   ᐃ ࡟ ࡣ high performance liquid 
chromatography 㸸HPLC ἲࢆ⏝࠸࡚⾜ࡗࡓࠋಖᏑࡋࡓ࢔ࢻࣞࢼࣜࣥῧຍ║
℺ὶᾮࢆ᧠ᢾࡋࡓᚋࠊ 20 μL ࢆ࡜ࡾヨᩱ⁐ᾮ࡜ࡋࡓࠋ ᐃ᫬㛫ࡣࠊΰ࿴┤ᚋ
1ࠊ 2ࠊ 3ࠊ 4ࠊ 5ࠊ 6ࠊ 9ࠊ 12ࠊ 24 ᫬㛫࡜ࡋࠊᏳᐃᛶヨ㦂࢞࢖ࢻࣛ࢖ࣥ 7 7 )ࢆཧ
⪃࡟ྛ㡯┠ 3 ᅇࡎࡘᐃ㔞ࢆ⾜࠸ࠊ࢔ࢻࣞࢼࣜࣥ㓄ྜ┤ᚋࢆ 100%࡜ࡋࡓ࡜ࡁ
ࡢྛ᫬Ⅼ࡟࠾ࡅࡿ࢔ࢻࣞࢼࣜࣥṧᏑ⋡ࢆồࡵࡓࠋࡲࡓࠊள◲㓟Ỉ⣲ࢼࢺࣜ࢘
࣒ 0.5  (⮫ᗋ࡛ỗ⏝ࡉࢀ࡚࠸ࡿ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮ୰ࡢ⃰ᗘ )ࠊ 5ࠊ 50
࠾ࡼࡧ 500 μg/mL (࢔ࢻࣞࢼࣜࣥὀ 0.1%࡟ῧຍࡉࢀ࡚࠸ࡿள◲㓟Ỉ⣲ࢼࢺࣜ
࣒࢘࡜ྠࡌ⃰ᗘ )  ࢆຍ࠼ࡓ࢔ࢻࣞࢼࣜࣥῧຍ║℺ὶᾮࢆ pH 8 ࡟ㄪ〇ࡋࡓ㝿
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ࡢࠊ 6 ᫬㛫ᚋࡢ࢔ࢻࣞࢼࣜࣥྵ㔞ࢆ ᐃࡋࡓࠋྠ᫬࡟እほኚ໬ࢆほᐹࡍࡿ࡜
࡜ࡶ࡟ pH ࢆ ᐃࡋࡓࠋ  
 
࠙Ϫ -4ࠚHPLC ࡟ࡼࡿᐃ㔞  
ӐHPLC ᮲௳ӑ  
᳨ฟჾ  㸸EICOM 㟁Ẽ໬Ꮫ᳨ฟჾ ECD-700ࠊ  
࣒࢝ࣛ  㸸EICOMPAK SC-5ODS ɸ 3.0150 mm 
࣒࢝ࣛ ᗘ  㸸 30Υ  
ὶ㏿  㸸 0.5 mL/min 
༳ຍ㟁ᅽ  㸸+0.75 V vs Ag/AgCl  
⛣ື┦  㸸MeOH ࡜ citrate-acetate buffer (pH 2.8) ࢆ 15:85 ࡢẚ࡛ΰ
ྜࡋࠊ sodium octane sulfonate 2  mLࠊEDTA-2Na 4 mL ࢆຍ
࠼ࠊࡑࢀࡒࢀ 4%ࠊ 0.05%࡜ࡋࡓࡶࡢࢆ⛣ື┦࡜ࡋࡓࠋ  
 
࠙Ϫ -5ࠚ║℺ὶᾮ࡟ῧຍ┤ᚋࡢ࢔ࢻࣞࢼࣜࣥྵ㔞  
ᶆ‽ヨᩱ࡜ࡋ࡚࢔ࢻࣞࢼࣜࣥヨ⸆ࢆ 0.1 M HCl ࡛⁐ゎࡋࡓ⁐ᾮࢆ౑⏝ࡋࠊ
ࣆ࣮ࢡ㠃✚࡟ࡼࡿ⤯ᑐ᳨㔞⥺ἲ࡛ᶆ‽⥺ࢆồࡵࡓࠋḟ࡟║℺ὶᾮ࡟࢔ࢻࣞࢼ
ࣜࣥࢆῧຍࡋࠊ┤ᚋࡢ࢔ࢻࣞࢼࣜࣥྵ᭷㔞ࢆㄪ࡭ࠊᶆ‽⥺࠿ࡽࡑࡢపୗ⋡ࢆ
ồࡵࡓࠋ  
 
࠙Ϫ -6ࠚ⤫ィᏛⓗฎ⌮  
ᐇ㦂⤖ᯝࡣࠊᖹᆒ್sᶆ‽೫ᕪ (SD) ࡛⾲ࡋࡓࠋ2 ⩌㛫ࡢẚ㍑ࡣ student’s
t-test ࡟ࡼࡾ⾜࠸ࠊ༴㝤ᗘ 5%ࢆ᭷ពỈ‽࡜ࡋࡓࠋ
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ᤵࠊᗈᓥ኱Ꮫ་ṑ⸆ಖ೺Ꮫ◊✲⛉  ᶓ኱㊰ᬛ἞  ෸ᩍᤵ࡟ㅽࢇ࡛ឤㅰࡢពࢆ⾲
ࡋࡲࡍࠋ  
ᮏㄽᩥࡢసᡂ࡟࠶ࡓࡾࠊ᭷┈࡞ࡿࡈᣦᑟࠊࡈຓゝࢆ㈷ࡾࡲࡋࡓᗈᓥ኱Ꮫ་
ṑ⸆ಖ೺Ꮫ◊✲⛉  㧗㔝ᖿஂ  ᩍᤵࠊᑠ⃝Ꮥ୍㑻  ᩍᤵࠊ᳃ᕝ๎ᩥ  ᩍᤵࠊ‮ඖ
ⰋᏊ  ෸ᩍᤵࠊᇐ㉺ᓫ⠊  ຓᩍ࡟῝ㅰ࠸ࡓࡋࡲࡍࠋ  
ᮏ◊✲ࢆ⾜࠺࡟㝿ࡋࠊ᭷┈࡞ࡿࡈຓゝࢆ㈷ࡾࡲࡋࡓᗈᓥ኱Ꮫ኱Ꮫ㝔་ṑ⸆
ಖ೺Ꮫ◊✲⛉  ⓶⭵⛉Ꮫ  ⚽㐨ᗈ  ᩍᤵࠊᗈᓥ኱Ꮫ኱Ꮫ㝔་ṑ⸆ಖ೺Ꮫ◊✲⛉
どぬ⑓ែᏛ  ㏆㛫Ὀ୍㑻  ෸ᩍᤵࠊᗈᓥ኱Ꮫ኱Ꮫ㝔་ṑ⸆ಖ೺Ꮫ◊✲⛉  ⓶⭵⛉
Ꮫ  ⏣୰㯞⾰Ꮚ  ຓᩍࠊᗈᓥ኱Ꮫ⑓㝔  ⑓⌮デ᩿⛉  ᑠᕝ຾ᡂඛ⏕ࠊᗈᓥ኱Ꮫ⑓
㝔⸆๣㒊  ෠⏣㝯ᚿඛ⏕ࠊᗈᓥ኱Ꮫ኱Ꮫ㝔་ṑ⸆ಖ೺Ꮫ◊✲⛉  ⓶⭵⛉Ꮫ  ▼஭
㤶◊✲ဨ࡟῝ㅰ࠸ࡓࡋࡲࡍࠋ  
ᮏ◊✲ࡢ㐙⾜࡟࠶ࡓࡾᩘከࡃࡢࡈ༠ຊࢆᡝ࠸ࡓ⏣୰㞝ኴಟኈࠊᯈᮧுᏛኈࠊ
┦Ⰻክ㤶ࡉࢇࢆࡣࡌࡵࠊᗈᓥ኱Ꮫ⸆Ꮫ㒊ࡢⓙᵝࠊྠ◊✲ᐊ༞ᴗ⏕ࡢⓙᵝࠊᗈ
ᓥ኱Ꮫ⑓㝔⸆๣㒊⫋ဨࡢⓙᵝ࡟ཌࡃᚚ♩⏦ࡋୖࡆࡲࡍࠋ  
᭱ᚋ࡟ࠊ኱Ꮫ㝔⏕άࢆᨭ࠼⥆ࡅ࡚ࡃࢀࡓᐙ᪘࡟ࠊᚰࡼࡾࡢឤㅰࢆ⾲ࡋࡲࡍࠋ  
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ᗈᓥ኱Ꮫ኱Ꮫ㝔་ṑ⸆ಖ೺Ꮫ◊✲⛉༤ኈㄢ⛬  
 ⸆Ꮫᑓᨷ⑓㝔⸆๣Ꮫㅮᗙ  
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